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Nicknamed the “Swiss cheese cover” by the editorial staff, 
this month’s design is a photograph, taken through a polari- 
scope at Southwest Research Institute, of the stress pattern 
in a perforated aluminum plate. Complete details on p. 111. 


Technical News in Brief 


Fluid Bed Marks New Gain in Heat Treating . . . Belt Grinding Takes Role in Precision 
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Furnaces Aid Missile Research . . . Uses for Depleted Uranium . . . Cold Working Im- 
proves Powder Metal Compacts . . . Materials Progress in Graphite and Ceramics. . . 


Progress in High-Temperature Materials 
How to Fabricate René 41, by Louis A. Weisenberg and Robert J. Morris ..................... 70 


One of the newest of the superalloys, this nickel-base alloy can retain high strength 
above 1400°F. Details on heat treating, welding and brazing are given. (]27, K- 
general; Ni-b, SGA-h) 


75 
Three brazing alloys have been devised; each answers specific needs. The type pro- 
ducing the strongest joints (]-8600) is used to braze uncoated alloys in a vacuum; the 
others will braze nickel-plated René 41 in hydrogen. (K8; Ni-b, SGA-h) 


Refractory Metals for Air and Space Vehicles, Reported by R. H. Gassmer ................. 80 


Discussions at a recent West Coast conference. Most of the research so far has cen- 
tered around molybdenum, columbium, tantalum and tungsten. Main drawback: at 
high temperatures, all of them have very low resistance to oxidation. (T24, Q-general; 
EG-d, SGA-h, 17-57) 


New Science of Ceramics Takes Hold, Reported by W. W. Austin ........................ 88 


Testing techniques pioneered by metals engineers are now being widely used to evalu- 
ate ceramic materials. At a recent conference in North Carolina, researchers presented 
significant information relating the mechanical behavior of ceramics to their fundamen- 
tal structures. One result: Ceramics which are reasonably resistant to impact and heat 
up to 5000° F. appear to be in the offing. (Q-general, M-general; NM-f) 


Engineering Articles 
f Forming Galvanized Sheet Steel, by Paul G. Nelsom ...............2..ccceccceeereeseceeees 93 


Galvanized sheet — either differentially coated or protected only on one side — is re- 
ceiving a great deal of attention because of its potential in auto bodies. Preliminary ex- 
perience indicates that it can be formed as readily as uncoated steel but not with the 
same tooling. (G-general, F29s; ST, 8-65, Zn) 


Formability Tests for Sheet Metal, by Tom Bishop es 95 


A cheap and rapid test which can be performed in the shop and which duplicates shop 
conditions is still unknown. The best that our present laboratory tests can do is to clas- 
sify samples as to grades or quality levels. (Q23q, 1-54; 4-53) 
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How service life 
of a furnace I-beam 
was increased 400% 


Electro-Alloys’ knowledge of thermal fatigue 


lead to a simple solution 


As a result of cyclical heating and 
cooling, heat-treating equipment, trays, 
rolls, tubes and ether Riles compo- 
nents, are particularly vulnerable to 
thermal fatigue. This failure mecha- 
nism is not easily spotted. Therefore, 
the natural course of user and supplier 
of heat-resistant castings is to try to 
strengthen the component through the 
addition of braces, gussets, tie rods and 
other restricting members or through 
making heavier metal sections. 


Almost inevitably this procedure 
results in an even shorter service life. 
The reason: a greater number of 
design members and heavier metal 
sections accelerate thermal fatigue. 


An interesting study in thermal 
fatigue and how it was minimized is 
shown in the Figures at the right. 


I-beam was failing after 
4-6 months 


The beam, shown in do es 1, sup- 


ported tube stock heated for welded 
tubing. After 4-6 months service, the 
beam would crack and fail at Area “A”. 


Preliminary calculations proved 
that the beam was more than ft uate 
in strength. Therefore, Electro-Alloys 
engineers concentrated their study on 
the thermal factors of the furnace 
operation. As shown in Figure 1, the 
burners were firing below the beam, 
and special precautions had been 
taken to insure that the burner flame 
did not impinge on the cast-alloy beam. 
But, as also shown, the flame traveling 
across the furnace strikes a slanted 
pier and deflects into the casting at 
Area A. The high concentration of 
heat at “A” causes the flange to expand 
more rapidly than the me This con- 
dition created the failure shown in 
Figure 2 and in the photographic 
close-up, Figure 3. 


To all intents, the failure had the 
implications of a weak beam... buck- 


ELECTRO-ALLOYS DIVISION 


ling, cracking and downward deforma- 
tion. The approach to solving this 
problem saa be to increase the metal 
sections or to add restricting members. 


Simple baffle extends 
beam life 400% 


Electro-Alloys solution of the problem 
was not the design of a new beam but 
the far simpler design of a loose baffle 
to fit the beam, see Figure 4. This 
baffle could take the thermal shock. 
It was small, flexible and could deform 
at will without detracting from the 
strength of the beam. 


This simple baffle has lengthened 
beam life 400%. 


Avoiding expensive thermal- 
fatigue pitfalls 


Users and designers of heat-resistant 
castings are vulnerable, generally, to 
two pitfalls that lead to losses in service 
life and operating economy: 


a. Too much faith in the calculation 
of applied stresses as the measure 
of the casting’s ability to with- 
stand service conditions. This is 
reflected by increasing the size or 
number of restricting members 
... braces, gussets and tie rods. 


. Assuming that an alloy operating 
well at 2000° F. will work just 
as well in a different application 
where maximum temperature is 
only 1700° F. 


These pitfalls are a natural out- 
growth of the lack of information on 
thermal fatigue, an important cause of 
heat-resistant casting 


Electro-Alloys is recognized as a 
leading authority on thermal fatigue 
and high-alloy casting design. Case 
histories, ara as the one reported 
here, and the widely published test 
data emanating from the Research 
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FIGURE 2 


FIGURE 3 


Laboratory at Mahwah, N. J., are 
evidence of this. 


@ Most recent of these reports is “The 
Mechanism of Thermal Fatigue,” by 
H. S. Avery. Copies of this study are 
available on request. Simply write to 
Electro-Alloys Division, 20111 Taylor 
Rd., Elyria, Ohio. 


Elyria, Ohio 
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Progress With 25% Nickel Steels for High-Strength Applications ............................ 99 
Nickel steels containing 18 to 27% Ni have high strength and excellent cold working 
characteristics. Properties result from a combination of precipitation and transforma- 


tion hardening. (A-general, Q-general; Fe-b, Ni, SGB-a) 


Quenching in the Automatic Production Line, by O. E. Cullen ........................... 101 
Factors involved in designing the quenching section of a heat treating line for auto- 
matic operation. To realize true economies, the engineer must balance the costs of new 
equipment against the savings which can result from less labor and lower rejection rate. 
(]26, 18-74) 
Modified 4340, Heat Treated to 270,000 to 300,000 Ultimate, by J. C. Chang, 


Steels made by three methods — basic electric, vacuum induction, and consumable arc 
—were studied and their longitudinal and transverse properties evaluated as well as 


: their toughness and fatigue resistance both statically and dynamically. (Q-general, 3- 
70; AY) 
Stress Analysis With a Photoelastic Coating, by Felix Zandman ............................. 111 


Direct observation of the stress distribution of an actual part under load is possible with 
this coating technique. The direction and magnitude of principal stresses can be easily 
determined and test results can be recorded by color photography. (Q25, 1-54) 


The electronic industry, based on semiconductors, is growing at such an astonishing 
rate that it has outrun the available supply of metallurgists and solid-state physicists. 
Furthermore, quality control has all but outrun the ability to measure micro differences 
in the materials of construction. (Tl, 17-57; EG-j, Si, Ge) 


Critical Point 


Atomic Age 


Extracts from an address by F. K. Pittman, director of division of reactor development, 
U.S. Atomic Energy Commission, before World Power Conference, Madrid, Spain, 


June 8, 1960. 


Short Runs 

Torpedo tube breech doors for nuclear submarines are being made of CD-4 MCu, a 
precipitation hardening stainless casting alloy which is stronger and more corrosion 
resistant than 18-8 steels. (T22; SS, 17-57) 
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buy? 


By the drumful, shovelful, scoopful, handful, or spoonful 
... Sherritt nickel is about the most convenient alloying 
metal you can buy. No wrestling with unwieldy plates. No 
cutting or hacking. High-purity Sherritt nickel comes to 
you in handy briquettes and in three grades of powder 
for faster, easier alloying. These powders and briquettes 
go into solution more rapidly with less chilling. You can 


make alloying additions at the end of the heat. Special 
nickel grades and coated powders are also available. 

Foote MINERAL Company is the exclusive sales agent for 
Sherritt nickel and cobalt in the United States and Canada. 
For complete illustrated brochure with prices and delivery 
information, contact the Foote Mineral Company, 424S 
Eighteen West Chelten Building, Philadelphia 44, Pa. 


SHERRITT GORDON MINES LIMITED 
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While the Editor-in-Chief was looking at the TV report of 
Premier Khrushchev’s speech at the United Nations, he bethought 
himself of these verses from the Proverbs: 

These six things doth the Lord hate: yea, seven are an 
abomination unto Him: 

A proud look, a lying tongue, and hands that shed inno- 
cent blood, 

An heart that deviseth wicked imaginations, feet that be 
swift in running to mischief, 

A false witness that speaketh lies, and he that soweth 
discord among brethren. 


Salaries of Metallurgists 


In 1957 Walter Morrison collected some data on the salaries 
of metallurgists belonging to the A.S.M. and summarized his results 
in Metal Progress for February 1958, p. 93. The Metallurgical 
Society of the American Institute of Mining, Metallurgical and 
Petroleum Engineers (A.I.M.E. to you) has published the results 
of a similar 1959 survey in the June issue of its Journal of Metals. 
As might be supposed the results are similar. 

The curve for median salary versus age for 3393 members of 
A.I.M.E. who responded has the same trend as the average for 
ASMembers shown in Fig. 1 of Morrison’s article and has a steady 
trend upward with age. The curve for “individual contributors” — 
that is, not “chiefs,” “supervisors” or “managers” —reaches a 
plateau at $12,000 at age 35, closely paralleling and about $1000 
per year higher than the curve for the 1958 study of 190,000 engi- 
neers of all sorts by the Engineers’ Joint Council and the 1956 
survey of 108,000 by the Engineering Manpower Commission. The 
increase is due probably to the steady inflation of our money. 

As to educational background, the A.LM.E. figures, which in- 
clude 850 Ph.D.’s (24% of the whole number responding ), are more 
to be believed than Morrison’s figures for 81 such, and show that 
the Doctors get about $2000 per year more than Masters and Bache- 
lors up to age 40, but about the same salary from then on. Other 
interesting results are that the really large companies pay the highest 
salaries, on the average. About one third of the A.I.M.E.’s respond- 
ents were in the iron and steel industry (producing?) and they got 
higher average salaries from age 35 on than their brothers in 
nonferrous production and in the consumer and capital goods 
industries. There is little to choose between the latter two cate- 
gories from the standpoint of salaries. Finally, salaries in research 
are lower than in either management and sales, and also seem to 
be stationary after age 50. 

The moral of the two studies is about the same: For the most 
money get a good education and then be an administrator or super- 
visor in a large industrial unit. 


S 
Speaking of a good education, there is heartening news from the 
Colorado School of Mines: Fall semester enrollment in metallurgical 
engineering showed a 19% increase, while graduate enrollment went 
up 13% over last year. Tue Eprrors 
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This rugged and versatile reversing 
2-high / 4-high combination mill brings 
high-precision rolling of thin-gauge ferrous 
and non-ferrous strip within reach of 
the smaller re-roiling mili, metals pilot 
plant and research laboratory. Occupying 
only 35 sq. ft. of floor space and involving 
a cost of less than $20,000, the machine 
handles up to 6 in. wide strip at rolling 
speeds up to 250 ft. per min. with accu- 
rate front and back tension control. 


The new 8 in. mill is furnished with two 
sizes of 4-high work rolls, made of either 
alloy tool steel or solid tungsten carbide: 
the 1% in. size is used for normal cold re- 
duction down to 0.002 in. thickness, and 
the % in. size allows special ultra-thin 
ay ag to gauges of less than 0.001 in. 
In the 4-high setup, the machine handles 
up to % in. gauge; the 2-high arrangement 
is used for the hot or cold breakdown of 
heavier materials up to 1 in. thick, but is 
also available for skin pass rolling of thin 
strip. 


The production of close-tolerance stock is 
assured by an exceptionally rugged mill 
design, employing steel housings of 160 
sq. in. post area, super-precision needie 
roller journal bearings of 175,000 Ib. 
separating force capacity, a heavy-duty 
mill drive with herringbone gearing and 
universal joint spindles, and twin-hand- 
wheel worm drive screwdowns. The 
machine is powered by a four-speed 
reversing drive on constant horse- 
power from 40 to 250 ft. per min. rolling 
speed. 


The outstanding feature of the new ma- 
chine is its reversing strip coiling attach- 
ment allowing the two-way rolling of strip 
under tension control with no more effort 
than a mere flick of a selector switch. 
Mounted on brackets at either side of the 
mill, the two coiling shafts carry 8 in. 
diameter reels designed for a coil buildup 
of 6 in. Both shafts are driven from the 
pinion stand and are provided with dual 
air-operated slip clutches and brakes of 
ultra-sensitive, low-inertia design. Selective 
operation through solenoid valves and 
pressure regulators precisely controls the 
front and back tensions desired for any 
given mill pass. 


LOMA 


MACHINE MFG. co., INC 
114 East 32nd 
New York 16, N. 
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A NEW 

NAME IN 
METALLOGRAPHIC 
POLISHERS 


VARIABLE SPEED—100-1200 r.p.m. 
QUIET OPERATION 
VIBRATION FREE 
EASY CONTROL 
HIGH TORQUE—" h.p. 
AVAILABLE IN 1, 2 or 3 UNIT TABLES 
INTERCHANGEABLE BALANCED WHEELS 
VITREOUS FINISHED, 

EASY TO CLEAN BOWL 


With infinitely variable speed over a wide range it is 
possible for the operator to select the exact speed 
desired for the particular sample at hand. The complete 
speed range is controlled by turning a knob. No crank- 
ing is required to change speed, no belts, pulleys or 
mechanical clutches are used, eliminating the source 
of most vibration present in other variable speed polish- 
ers. The electronic control is accomplished through the 
use of only one vacuum tube and the complete elec- 
tronic circuit is mounted on a 4” x 4” panel easily 
accessible on the outside of the motor. 


The 1851 Polimet series is furnished in the Buehler 
steel polishing tables, finished in silver gray hammer- 
tone. The top and edges of the table are black formica. 
One, two, or three unit tables are available. 


1851-2 


METALLURGICAL . 
APPARATUS 
2120 GREENWOOD ST., 
EVANSTON, ILLINOIS, U.S.A. 
1851-2, 1512-2, 1512-3, 1514 
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Larger amounts 
of hard-to-melt 
materials such as 
tungsten, tan- 
talum, zirconium, 
molybdenum, 
columbium and 
other high per- 
formance metals 
can also be 
melted without 
contamination. 
Electron beam 
can be used for 
either melting or 
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new NRC vacuum levitation furnace. 

A 10 to 20 gram sample is supported, 
melted and thoroughly mixed by the in- 
ductive forces from a special high fre- 
quency electro-magnetic coil. 
funnel delivers metal to precise point to 
produce a button or shape casting. Over 
100 samples per shift can be produced. 


ELECTRON BEAM FOR PURE METALS 


contamination-free welding. 

These furnaces can operate at highest 
vacuums attainable in a furnace and melt 
stock in any form. Melting temperature is 
almost unlimited. Heating can be con- 
centrated or spread out as desired. 


WHICH TYPE VACUUM FURNACE? 


The units noted above solve unusual 
vacuum melting problems. 
vacuum arc, induction, and resistance fur- 
naces are more common sources of metals 
with the superior properties made possible 
by vacuum metallurgy. For a run down on 
features of each type, send for: 


a periodical containing 
details ofabove and other 


new 
ucts 


high 
ment. Write today. 


| NRC 


EQUIPMENT 
CORPORATION 


A Subsidiary of National Research Corporation 
Dept. M-11, 160 Charlemont St., Newton 61 Mass. 
DEcatur 2-5800 


METAL 
MELTING 
MAGIC 


The problem of 
melting small 
quantities of metal 
free from crucible 
and atmosphere 
contamination is 
now solved with the 


Magnetic 
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*FREE 
NRC Vacuum 
Micronicle 


sabout making prod- 
better with NRC 
vacuum equip- 


NEO-26 


7 


NEV 
from the [ Vacuum 
foe 
— 
- | 
A 


Light industrial furnaces... 


Heat treating furnaces, 
fuel-fired and electric... 


Non-ferrous metal melting furnaces, 
fuel-fired and electric... 


Industrial ovens, fuel-fired 
and electric... 


AND NOW 


induction melting furnaces.... 


A full line of sizes and types for steel, cast iron, aluminum, copper, magnesium, silver and their alloys. 
Designed by a leading European producer of induction melting equipment and proven in hundreds of 
installations throughout the world. Get the full details from your Hevi-Duty sales engineer or 


from Hevi-Duty 
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If you’re planning to put a new electric or fuel- 
fired furnace on the line, a Honeywell control 
package will save you installation time and 
assure you of the best possible results. 

(The package consists of a complete furnace control 
system and all the application engineering, 


installation and maintenance assistance you require.) 


Honeywell makes all types of furnace controls, 
including complete saturable reactor systems, 


master-slave program systems and flame safeguards. 


new furnace to work faster, better 


ERING THE FUTURE 


Honeywell 
Fiut Couto 


Circle 2101 on Page 48-8 


“NOVEMBER 1960 


Control panels and cubicles are custom- 
engineered, and arrive at your plant already 
piped and wired. Honeywell will do the 
whole installation or provide standby 


supervision, as you prefer. 


After your furnace is on the line, you can rely 

on Honeywell for periodic maintenance to 

keep your controls in top condition, and for 
immediate service in case of emergency. 

Get complete details from your nearby Honeywell 
field engineer. Call him today... 


he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 
In Canada, Honeywell Controls, Ltd., 


Toronto 17, Ontario. 
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How Surface 
Power Convection 
Equipment 
increases speed 
and uniformity 

of heat treatment 


Rates of heat transfer by radiation are limited 
by maximum available “thermal heads,” various 
shapes and heat absorption properties of work 
pieces, and control problems which become critical 
when rate of heat transfer is very high. 

On the other hand, heat transfer by convection 
can take place at rates of extreme speed, with air 
temperature very close to the desired work piece 
temperature, assuming very high air velocities. 

To get such high air speeds in the first place 
(with fans running close to the strength and tem- 
perature limits of the best alloys available) and 
then use the heated air effectively in heat treating 
are two major problems which Surface began to 
tackle years ago. Gradually Surface furnaces were 
designed more and more like wind tunnels. 

So effective are Surface’s new techniques in con- 
vective heat transfer, that we can now define a 
furnace in terms of its convection power: its ability 
to heat the work primarily by convection, with 
great speed, uniformity, and efficiency. 

Some of the results are spectacular; all have 
brought about important cost savings or product 
improvement. We invite you to write for Bulletin 
SC-182 describing Surface Power Convection 
equipment in more detail. Surface Combustion, 
2377 Dorr Street, Toledo 1, Ohio. In Canada: 
Surface Industrial Furnaces, Ltd., Toronto, Ont. 
*Trademark of Surface Combustion, Division of Midland-Ross Corp. 


A division of Midland-Ross Corporation TER 
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Every Hour M. S. Little Brass Goods Company 
Makes 650 Appliance Fittings Better 
With HANDY & HARMAN SILVER BRAZING 
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Rotating jig showing 


entering and leaving gas-air furnace. 


This Hartford, Connecticut, company makes—in volume—an assembly that goes into 
the overflow system of household appliances. The assembly consists of brass tubing and 
a machined brass casting. The two components are joined by a preplaced ring of 
Handy & Harman Easy-FLo 45 silver brazing alloy and HANDY FLux. Heating is auto- 
matic gas-air; parts are placed on a rotating turntable to pass through the gas furnace. 
every 60 working minutes, 650 assemblies are completed. 

The advantages here are that the manufacturer can use thin-walled tubing with 
heavier, threaded components at no sacrifice in strength. Because of Easy-FLo’s 
penetrating qualities, the entire shear area is fully as strong as the solid parts of the 
assembly, yet considerably lighter. And, casting and machining the components for this 
assembly have been greatly simplified. 

Are you in pursuit of a metal-joining method which offers—among other advantages 
—high, uninterrupted production at low capital investment? You may easily find the 
answer in Handy & Harman silver brazing. Hundreds of manufacturers and fabricators 
of as many different products, parts and components are right now enjoying the speed, 

: economy, strength and flawlessness of brazing. You can too. Just ask Handy & Harman, 
Left- brazed assembly. Right— components 3 Eyton Street, New York 38, N. Y. 


with preform ring of Easy-FLo 45, 
COMING IN NOVEMBER! 
New Handy & Harman Brazing Correspondence Course. Simple self-study data on all 
phases of brazing. Send for details to Dept. BC. 


FOR A GOOD START: Your No.1 Source of Supply and Authority on Brazing Alloys Offices and Plants 
Bridgeport, Conn. 


BULLETIN 20 . Chicago, Ili. 
This informative booklet Bives a Dallas, 
good picture of silver brazing and Detroit, Mich. 


q Los Angeles, Calif. 
includes devas on HANDY & HARMAN 


Providence, R. |. 


sign and production techniques. a. General Offices: 82 Fulton St., New York 38, N. Y. dy 


Write for your copy. ; DISTRIBUTORS IN PRINCIPAL CITIES Toronto, Canada 
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ANNOUNCING A NEW 
VANADIUM-ALLOYS 


DEPARTMENT FOR 
TOOL AND SPECIAL 
STEELS IN | 


A brand new, completely equipped department for Cast-to- For sound castings of closely controlled chemical analysis, 
Shape tool and special steels—conventional sand casting or and to insure uniformity in machining and heat treating, 
precision casting by the Shaw Process or shell molding— come to VANADIUM-ALLOYS STEEL COMPANY. 


varied melting furnace capacity of 30 pounds, 300 pounds, 
1000 pounds and 2000 pounds for flexibility in the casting 50th Anniversary 


of special analyses with maximum economy and service to < QU, 
a & VANADIUM-ALLOYS STEEL COMPANY 


FORMEX—a 5% chrome hot work die steel. . ° GENERAL OFFICES: LATROBE, PA. 

| AIREX—a 5% chrome cold work, air harden- <4 W) DIVISIONS: Anchor D Steel Co. * Colonial Steel Co. » Me’ 
STANDARD GRADES ing die steel. Forming Corporation Pittsburgh Tool Steel Wire Co. 

CROMEX——a 12% chrome cold work die steel. 
— ¢ SUBSIDIARIES: Vanadium-Alloys Steel Canada Limited * Vanadium- 
SPECIAL COMPOSITIONS | Available to customer specifications. ¢ © _ Alloys Steel Societa Italiana Per Azioni * EUROPEAN ASSOCIATES: 


+ 


saasli Specipy Societe Commentryenne Des Aciers Fins Vanadium-Alloys (France) 
TYPICAL APPLICATIONS | 


Forming rolls, cams, drop forge trimming dies, * Nazionale Cogne Societa Italiana (\taly) 
forming or blanking dies, molds, draw rings. 1910-1960 
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Five years ago the first |lpsen Double Row 4-Zone Pusher was 


built..see photo above. It is now six years since the first Deep 


Case Carburizing Unit was built. BIG Ipsen controlled atmos- 


phere pushers have given unexcelled metallurgical results! 


Check these features when you consider a carburizing fur- 


nace. They are exclusive with Ipsen. 


e@ Enclosed Charging Mechanism (Pat. 
e@ Chain Discharging Mechanism (Pat. 


@ Baffles for 100% 


Forced Convection Heating (Pat. 
Ceramic Heating Tube Mounting (Pat. 
Ceramic ''Flame-Busters’’ (Pat. 
Ceramic Fan (Pat. 
Water-Cooled Fan Motor (Pat. 
Quench Oil Flow System (Pat. 


Other Patents Pending 


No. 2,896,775) 
No. 2,842,349) 


No. 2,788,205) 
No, 2,822,798) 
No. 2,861,596) 
No. 2,730,352) 
No. 2,800,317) 
No. 2,854,013) 


Ipsen Pusher furnaces are described in Bulletin P-59. Send 


for your copy today. 


This charge of steel gears is typical of work handled in 
Ipsen Production Carburizing Furnaces. Heating was 1700° F 
for 10 hours; oil quenched at 150° F. Case depth: .045”. 


Countershafts ready for charging into Ipsen Production 
Carburizing Furnace. Heating time was 10 hours at 1700° F; 
quenching was in oil at 150° F. Case depth: .045”. 


MEAT TREATING UNITS 


IPSEN INDUSTRIES, INC. DEPT. 23 P.O. BOX 500 ROCKFORD, ILLINOIS 
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LUSTRE-DIE does smooth job 
in molding can-opener housing 


Bethlehem Lustre-Die tool steel, which is 
furnished pre-heat-treated in bars, re- 
cently turned out a top-quality molding 
of high-impact polystyrene at Cepeo 
Plasties Co., St. Louis. The plastie-injee- 
tion mold, made by Lambert Engineering 
Co., produced a sturdy, attractive ean- 
opener housing for Swing-A-Way Manu- 
facturing Company. 

Here are the reasons why Lustre-Die 
made such a hit: 1. It saved time, because 
no heat-treatment was required. 2. It was 
easier to machine than other pre-hardened 
grades which were previously used. 3. It 
polished beautifully, and imparted a high 
sheen to the finished part. 

An electric-furnace steel with a well- 


-tifieation 


balanced basie analysis, Lustre-Die is 
ideal for working with plastic because it 
takes a glossy polish. This tool steel also 
has something extra: a special alloy for- 
which further increases its 
depth of hardenability ané enhances its 
mechanical properties. It is heat-treated 
by oil-quenching and tempering at the 
mill, and is furnished ready for machining 
and polishing. Careful manufacture and 
quality control insure its freedom from 
porosity. 

You ean take our word for it—Lustre- 
Die is just what you need for a good 
plastic-molding job. For full details, and 
prompt delivery, get in touch with your 
Bethlehem tool steel distributor. 


New Booklet on Oil- and Air-Hardening Grades 
We have a new illustrated booklet on oil- and air-hardening tool steels. It presents 
essential data about the BTR, Air-4, Lehigh H, and A-H5 grades. For your copy, write 
to Publications Dept., Bethlehem Steel Co., Bethlehem, Pa. Ask for Booklet No. 532. 
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BETHLEHEM TOOL STEEL 
ENGINEER SAYS: 
Straighten tools 


while they are hot 


Though seldom recognized or appreciated. 
straightening is an essential part of the 
quench and temper hardening operation 
on long, slender tools. The correction of 
warpage which occurs either in heating 
tools to the quenching temperature, or 
from stresses generated in the quench, 
must be done during heat-treatment. Only 
minor straightening ean be done on hard- 
ened tools at room temperature after the 
hardening operation is complete. 

For example, the major straightening 
on a long rectangular shear blade must 
be done during quenching. The heat- 
treater learns by experience at what point 
the quench can be interrupted so that 
straightening can be performed. This 
point varies with the grade of tool steel, 
and the size and shape of the shear blade. 
Straightening usually is performed by 
bending the tool slightly on a press (so- 
called gag straightening). 

Small amounts of additional straight- 
ening ean be accomplished when the tool 
is at the tempering temperature. Or, if 
necessary, this can be done by reheating 
to a point just below the final tempering 
temperature. 

Minor mechanical adjustments in the 
final assembly of tools and components 
are often made by peening the concave 
surfaces with a hand hammer. This should 
be done cautiously to avoid spalling or 
cracking. However, it is preferable to 
straightening by cold-bending. 
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Another £(d¢ of Lightweight BaW Insulating Firebrick 


LOWER 


THERMAL CONDUCTIVITY 


THERMAL COEFFICIENT 


NOTE: The above chart, based on available published 
a conductivity between lightweight B&W IFB and the average af seven other leading insulating fir 


_ conductivity of B&W IFB at all temperature levels. 


SQ. FT./IN. THICKNESS/HR./DEG. F. 


All insulating firebrick are not the same. Published 
figures show wide variations in all of the important 
properties among the leading brands of IFB. 


Take thermal conductivity. This important prop- 
erty affects fuel costs, temperature control and the 
speed with which a furnace heats and cools. Thermal 
conductivities range from a B&W low of 1.91 to a 
high of 3.47 for a competitive IFB—almost a 100% 
difference in wasted heat and fuel costs. 


You are paying for insulating firebrick . . . make 
sure you get all the benefits. B& W —the originator 
of IFB—manufactures a full line of IFB with an 
experience-proved balance of light weight, high 
insulating value, high strength and long life. 

For complete information on B&W Insulating 
Firebrick, write for Catalog R-2-H to The Babcock 
& Wilcox Company, Refractories Division, 161 
East 42nd Street, New York 17, N. Y. 


METAL PROGRESS 


a 
y 
: 
are 
| 
J 
j 
j 
8 
18 
4 


NOVEMBER 1960 


NUMBER 1 OF A SERIES 


LOWER FUEL COSTS 


e 14% lower fuel costs ¢ 30 F lower casing temperature 
e 25% less time to reach operating temperature ¢ 12 hours 
saved per cycle 


These are the results of a direct comparison of two furnaces of the 
type shown above, one lined with B&W IFB and the other with one of 
the better competitive insulating firebrick. That's how B&W pays off 
for a major steel company in their 8-stack, hood type, strip annealing 
furnaces. This is just one of many proofs in our files that ‘there is an 
important difference in insulating firebrick."’ 


THE BABCOCK & WILCOX COMPANY 


REFRACTORIES DIVISION 
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Riehle Universal Testing Machines assure maximum 
versatility for research and control practices 


To facilitate modern research and control testing, 
RIEHLE offers both Screw Power and Hydraulic Test- 
ing Machines in capacities from 2000 lbs. to 450,000 
lbs: These sensitive and rapid response machines 
are available with complete instrumentation and ac- 
cessories including a high temperature vacuum fur- 
nace capable of testing materials up to 4000° F. 


A full range of holders and specimen tools, auto- 
matic strain rate and load rate controls and load 
cells to extend lower ranges accurately are avail- 
able. With instrumentation, RIEHLE Testing Machines 
can be adapted for metals, ceramics, plastics, glass, 
timber and textiles for virtually any physical test 


measured in units of load and specimen deformation. 


Recommendations for testing procedures and equip- 
ment to meet specific requirements will be furnished 
by RIEHLE engineers on request. Also send now for 
illustrated catalogs describing RIEHLE Hydraulic and 
Screw Power Universal Testing Machines and com- 
plete Recorders and Accessories. 


OTHER RIEHLE TESTING MACHINES include 
Creep and Stress-Rupture Testing Machines, Hydrau- 
lic Fatigue Testing Machines, Construction Materials, 
Impact, Brinell, Torsion, Horizontal Chain, Rope and 
Cable Testers and Portable Hardness Testers for 
Rockwell Readings. 


RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
Dept. MP-1160, East Moline, Illinois 


Please send free literature on RIEHLE Testing Machines. 


(Type of Machine) 


NAME 


COMPANY 


ADDRESS 


CITY @ ZONE STATE 
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Rie h le TESTING MACHINES 


A DIVISION OF 


American Machine and Metals, Inc. ” 


EAST MOLINE, ILLINOIS 


“One test is worth a thousand. expert opinions” 


Divisions of American Machine and Metals, inc., New York 7, New York 


TROY LAUNDRY MACHINERY © RIEHLE TESTING MACHINES ¢ DE SOTHEZAT FANS TOLMURST: 

CENTRIFUGALS © FILTRATION ENGINEERS © FILTRATION FABRICS © NIAGARA FILTERS « UNITED 

STATES GAUGE © RAHM INSTRUMENTS ¢ LAM® ELECTRIC COMPANY © HUNTER SPRING COMPANY 
GLASER-STEERS CORPORATION : 
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Heat Resistant Materials 


Ceramic Insulators 

In many processes involving heat transfer, the tube edges 
in heat exchangers often deteriorate due to the abrasive 
or corrosive action of gases or liquids. Special ceramic 
ferrules fitted into the ends of the tubes or flues can with- 
stand temperatures up to 2400° F. and are abrasion and 
acid resistant. The ferrules come in lengths up to 12 in. 
and in I.D.’s from % in. to 2 in. Saxonburg Ceramics. 

For further information circle No. 1760 
on literature request card, p. 48B 


Cutting and Forming Equipment 

Narrow-Strip Rolling Mill 

The “Model 600” 2-high ‘- 
4-high combination mill will 
precision-roll ferrous and non- 
ferrous strip down to 0.001 
in. thick. The equipment 
will handle up to 6-in. wide 
strip at rolling speeds up to 
250 ft. per min. A feature 
of the machine is its revers- 
ing strip coiling attachment 
which allows the two-way 
rolling of strip under tension 
control. A change in work 
rolls can be made by one operator in 10 min.; a complete 
2-high/4-high changeover requires 30 min. Loma Machine 
Manufacturing Co., Inc. 

For further information circle No. 1761 
on literature request card, p. 48B 


Ultrasonic Impact Grinder 


The “Model 2-333” will 
precision machine an area up 
to 1%-in. in diameter on 
semiconductor materials. It 
can also be used for general 
purpose work including clean- 
ing and soldering. The ma- 
chine features an air-cooled, 
300-watt magnetostrictive transducer which provides con- 
tinuous operation and eliminates down-time for cooling. 
Raytheon Co. 

For further information circle No. 1762 


Industrial Heating Equipment 


Toolsteel Treating Furnace 
A complete heat treating plant in one compact unit is 
being offered by the Waltz Furnace Co. It consists of a 
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heating furnace (12 by 10 
by 18 in. deep) with a range 
of 1000 to 2400° F., a re- 
circulating-type tempering 
oven (21 by 10 by 10 in. 
deep) with a range of 250 
to 1100° F., and two quench 
tanks (oil and water). A foot- 
valve controls the opening 
and closing of the furnace 
doors. The unit, available in either electric or gas-fired 
models, can treat all types of water and oil hardening steels. 
For further information circle No. 1763 
on literature request card, p. 48B 


Console Vacuum Furnace 
C. I. Hayes, Inc. is introducing 
a compact 30 kva. vacuum furnace 


unit, “Model VAC-52”, with a 
nd maximum furnace temperature of 
2200° F. and vacuum capability in 


the 10* mm. Hg range. Installa- 
tion consists of simple connections 
to water and power. Interchange- 
able heating elements and radiation 
shields allow temperatures to 
3000° F. and increase operating flexibility for vacuum 
brazing and heat treating operations. 
For further information circle No. 1764 
on literature request card, p. 48B 


Continuous Rotary Furnace 


An “Automotion” furnace, 
exhibited at the Metal Show, 
keeps parts in motion during 
heating and quenching, thus 
assuring uniformity in proc- 
essing. This feature plus 
atmosphere control and auto- 
matic feeding is particularly 
advantageous in carburizing 
and case hardening because 
it eliminates “point-of-contact” case variation. The “Model 
136-MGE” rotary-type furnace, with a built-in continuous 
feeder, can process up to 250 lb. per hr. American Gas 
Furnace Co. 

For further information circle No. 1765 


Temperature Test Chamber 

A “Hi-Lo” test chamber has a rapid cycling chamber 
for shock testing metal parts; it permits temperature 
drops to — 100° F. in seconds. Automatic cycling of high 
and low temperature levels for varied time periods is 


possible. The range is — 100° F. to +400° F., controlled 
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AQUADAG® SOLVES AN INTRICATE 
MOLD PROBLEM FOR OSWEGO CASTINGS 


A complete permanent mold, used in casting high-pressure 
gas meter housings, is shown being sprayed with Aquadag’. 


The problem at Oswego Castings Corporation, Oswego, New York, 
a division of Oberdorfer Foundries, Incorporated, involved the 
effective metal flow and release of aluminum castings. Frequent 
breakage occurred due to the complexity of the part ...a gas 
meter housing containing an integral rib down the center. In the 
mold core, the relatively tiny aperture for forming the rib, plus 
the rounded corners which provide the outer “bucket” appearance 
to the housing, demanded a release agent that would permit easy 
extraction and proper metal flow. 

According to Frank Fox, Production Foreman in the Oswego 
foundry, previous to adopting the use of an Acheson dispersion, 
removing the aluminum casting from the rib aperture took as 
long as three or four hours. Even with such care, sticking caused 
many eastings to break at the point of the rib. 

There was also the problem of metal flow. Housing walls vary in 
thickness between %4 inch and the %s inch flange which runs 
around the top. Close tolerances must be maintained to insure a 
proper fit during final assembly. “Holidays” caused by the im- 
proper flow of metal into critical areas of the cavity, presented a 
constant reject problem. 

Several mold washes were tried unsuccessfully before Oswego 
engineers turned to ‘Aquadag’—a dispersion of colloidal graphite 
in water. In their application, Oswego dilutes the concentrated 
material 1 to 3 with water. Normal commercial spray equipment 
is used in applying an even coating on all mold surfaces... one 
coating holding up through a run of eight to ten pieces. The 356 
aluminum alloy used for the housing castings, is poured at 
1400°F. The mold is preheated to 700°F. and maintained at that 
temperature through the casting cycle. 

With ‘Aquadag’, the savings at Oswego have been “considerable’”’. 
Castings are more uniformly formed, have smoother surface 
finish, and part easily. Because of greatly facilitated metal flow 
and release, mold life is lengthened. Rejects are the exception 
rather than the rule. 

Oswego Castings manufactures several products with highly 
lefined parts which require molds having intricate sliding mem- 
bers or collapsible cores. The fact that finding the effective lubri- 
cant they needed to overcome their most difficult problem, resulted 
in the selection of an Acheson product . . . indicates it can be of 
equal value to you. We invite your inquiry. 


Literature Describes 
Production Economies 
In Metal Casting 


A detailed discussion of the various 
Acheson semi-colloidal and colloidal 
dispersions available for coating 
permanent molds, die cavities, and 
steel and cast-iron chills, is con- 
tained in Acheson Bulletin 425. It 
describes why Acheson colloidal 
graphite is so extensively used as a 
mold and die lubricant, as well as 
an extremely effective heat-resist- 
ant parting agent. The microscop- 
ically fine graphite particles are 
suspended in a variety of liquid 
carriers. When mixed with the ap- 
propriate diluent, the dispersion 
can be conveniently applied by 
spraying, brushing, dipping, or 
swabbing. As mold coatings they 
provide greater, more uniform sur- 
face coverage. Highly tenacious, 
these thin coatings resist the scour- 
ing action of molten metal, do not 
volatilize, and will not build up. 
Sticking in the mold is reduced to 
a minimum; usually eliminated 
completely. Less finishing is re- 
quired, rejects are fewer, and-die 
and mold life is extended. 
Additional protection of casting 
machines, conveyor chains, and 
other plant equipment is also de- 
scribed in Bulletin 425. The heat- 
resistant, non-gumming character- 
istics of Acheson colloidal graphite 
are ideally suited for the high op- 
erating temperatures of most 
foundry machinery. Should yours 
be a special lubricating problem not 
covered in this literature, let us 
hear from you. Industry experience 
has been that in our complete 
product line there is an Acheson 
dispersion “tailor-made” for your 
metal casting application. 

We invite you to send for your copy 
of Bulletin 425, “Colloidal Disper- 
sions For Use In Metal Casting’”’, 
at your earliest convenience. It 
should prove helpful to you in real- 
izing greater production economies. 
Write direct to Dept. MP-110. 


dag COLLOIDAL DISPERSIONS 


‘dag’, ‘Aquadag’ are trademarks registered in 
the U.S. Patent Office by Acheson Industries, Inc 


©) ACH ESON Co/bids Company PORT HURON, MICHIGAN 


A division of Acheson Industries, Inc. Also Acheson Industries (Europe) Ltd. and affiliates, London. England 


Offices in: 


Boston + Chicago « Cleveland Dayton Detroit «Los Angeles+ New York Philadelphia Pittsburgh Rochester St. Louis 
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within =1° F. The coolant is liquid CO, dispersed by a 
high-velocity blower. Optional features include a_per- 
centage timer, an observation porthole, and provision for 
an external vibrator. Electric Hotpack Co., Inc. 
For further information circle No. 1766 
on literature request card, p. 48B 


Single-Wire Hot-Junction Thermocouple 

Where extreme temperatures and pressures, corrosive 
conditions, or mechanical stresses are encountered, 
“Con-O-Clad” thermocouples with unbroken mineral oxide 
insulation and continuous metal sheath provide rugged 
construction and longer life. A faster response is obtained 


since the uniform diameter of the hot junction has less 
mass than other tvpes. Conax Corp. offers the thermo- 
couple in 1/16 and 4s in. diameters and a choice of almost 
any metal for sheathing. High-temperature, high-pressure 
fittings are also available. 
For further information circle No. 1767 
on literature request card, p. 48B 


Low-Temperature Infrared Burner Unit 
A burner with “controlled wave- 


form heating. Gas-fired or electrically heated, seven models 
have chambers ranging in size from 18 in. diameter by 
36 in. deep to 36 in. diameter by 36 in. deep. 
For further information circle No. 1769 
on literature request card, p. 48B 


Elevator Furnace 


The “Model NMR-24E” 
clevator furnace will main- 
tain a temperature up to 
2700° F. within *5° F. for 
firing electronic or other 
ceramic parts in air or an 
inert atmosphere. Muffles 
can be supplied for brazing 
and other lower-temperature 
processing. Close tempera- 
ture differentials can be 
maintained between the top 
and bottom of the furnace 
chamber. Harrop Precision 
Furnace Co. 

Circle No. 1770 on card 


Laboratory Oven 


A laboratory oven for temperatures to 1000° F. provides 
automatic heat control within + %° F. and can be adapted 
for sintering, aluminum treating, or glass annealing. Six 
models range in size from 13 by 13 by 13 in. to 48 by 30 
by 42 in. Gas-fired models feature controlled combustion 
with atmospheric burners; electric units use vertical heating 
clements of open-coil design. Despatch Oven Co. 

For further information circle No. 1771 
on literature request card, p. 48B 


length” radiant emission for efficient a 
heat transfer has been designed X 
specifically for low-temperature 


processing applications. Every ma- Tester 
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terial has a maximum heat absorption 


wavelength. Most are concentrated 4 4 
in the range at which this gas proving rings 0 measure any 0a 


burner unit emits” radiant heat — 
thus providing optimum heat trans- 
fer efficiency. The face temperature 
of the 4 by 18 in. Inconel screen can 
be adjusted from 1200 to 1800° F.; 
heat output per unit is 30,000 Btu. 
per hr. Applications include cur- 
ing shell molds and foundry cores. 
Bryant Industrial Products. 
Circle No. 1768 on card 


Recirculating Furnace 


Sunbeam Equipment Corp. is in- *® National Bureau of Standards 
troducing a pit furnace for anneal- calibration report when desired. 


ing, tempering, and stress relieving 


ferrous and nonferrous alloys in the Write for literature, prices and 
range 300 to 1400° F. A high- name of nearest distributor. 


volume fan assures rapid and uni- 
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compression |FNSI(N 


Steel City offers two styles of proving rings which 
require no adjustment during use. The dial- 
indicator ring (illustrated) measures deflection 
in increments of 0.0001”. Applied load or force 
is determined from a calibration report furnished 
with each instrument*. With this type of ring, even 
an inexperienced operator can repeat readings 
as close as 1/10 of 1%. 


Optical-type proving rings, developed for the 
USAF, use a ruled scale and a high-powered 
microscope for readings in increments of 0.00002". 
Repeat readings as close as 1/20 of 1% can 
be achieved. 


Compression and tension models are available in 
either style, with capacities up to 200,000 Ib., all 
manufactured of special-alloy steel by experi- 
enced craftsmen. They are used for calibrating 
Brinell testers, testing machines and presses, and 
load cells, or for measuring applied loads. 


8811 Lyndon Ave., Detroit 38, Mich. 
Circle 2058 on Page 48-8 
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NEW BALTOGRAPH 
300 PENETRATES 
UP TO 4° OF STEEL 


permits 360° radiography and can 
be coned down to a single beam... 
yet weighs only 136 lbs. 


J -08386 


This is the first industrial X-ray unit 
designed specifically to meet all radiographic 
inspection requirements, from thin 
aluminum up to 4” thick steel. Simple to 
operate . . . requiring only a few 

hours instruction. 

For a free demonstration—at your plant or 
job site—just call, wire, or write to 

Mr. Dan Maus, X-ray Department, 
Westinghouse Electric Corporation, 2519 
Wilkens Avenue, Baltimore 3, Md.—You can 
be sure ...if it’s Westinghouse. 


SPECIFICATIONS 
X-ray Head 


X-ray tube, lead shielding, HT trans- 
former, filament heating transformer, 
and automatic thermal cutoff device are 
all mounted in a single lightweight 
housing. 

X-ray portal: Total X-ray beam is 30° 
circumferential 

Focus size: 2 x 2 mm 

Inherent Filtration: Low 

Shielding: 5 mm of lead 

Power rating: Self-rectified 300 KVP- 
3MA 

Weight: 136 lbs. 

Dimensions: 4614, long, 12!4 diameter 


Control Panel 


Hermetically-sealed penetration meter, 
penetration selector, MA control, and 
automatic push button reset timer 
mounted in rugged metal cabinet. 
Power Supply: 115 or 230 volts, 60 cycles, 
single phase 

Weight: 41 lbs. 

Dimensions: 15” x 12” x 7” 

Also included: 25’ and 60’ connecting 
cables and individual carrying cases. 
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Thermocouple Selector Switches 


Rotary, key, and _push- 
button selector switches for 
thermocouple and _ resistance 
thermometer applications 
provide rapid, accurate 
switching from 1 to 144 
sensing elements. Key and 
push-button switches will av- 
erage two temperatures, or 
switch a measuring instru- 
ment to different measuring 
points. Rotary models have 
capacities of 6, 12 or 24 
points. False voltages from 
thermoelectric action are 
eliminated because switch contacts and wipers are of the 
same material. Thermo Electric Co., Inc. 

For further information circle No. 1772 
on literature request card, p. 48B 


Expendable Thermocouple Cartridge 

The “Temtip” cartridge for 
measuring steel bath tem- 
peratures has a metal cap 
which protects the platinum 
thermocouple during immer- 
sion. The cap can be easily 
removed for measuring non- 
ferrous melts at lower tem- 
peratures. The cartridge and 
its receptacle are fully compensated to assure accuracy. 
No modification of a “Speedomox” temperature recorder 
is necessary to adapt to the Temtip 


not require operator attention —it maintains optimum 
cleaning performance with a feedback transducer which 
automatically compensates for varying load conditions. 
The 1000-watt “Autosonic” unit may be combined in 
modular installations to give up to 10 kw. output. Clean- 
ing tanks with capacities of 8 and 32 gal. are available in 
the “PT-10001” series. 
For further information circle No. 1775 
on literature request card, p. 48B 


Electrostatic Spray Gun 


A hand spray gun (dem- 
onstrated at the Metal Show) 
can apply conductive, water- 
base, or standard paints 
without special formulation. 
The portable “Model 10” 
atomizes particles of coating 
material centrifugally and 
then charges them electro- 
statically. The charged par- 
ticles are guided directly to 
the object being coated, 
which results in maximum 
painting efficiency. _ Ionic 
Electrostatic Corp. 

Circle No. 1776 
on request card, p. 48B 


Automatic Two-Color Spray Painting 


Automatic spraying of two colors in the same booth, 
without masking, can be done with equipment manufac- 
tured by DeVilbiss Co. This versatile, airless gun, 


designed for high-speed production, will apply any 


cartridge. Leeds & Northrup Co. 
For further information circle No. 1773 


Cleaning and Finishing 
Liquid Buffing Applicator 

A “Traveling Gun Mover” is de- 
signed for use with wide buffs, where 
the application of a uniform spray 
of liquid compound is a problem. 
The equipment increases liquid 
compound adherence, which results 


in cleaner, more economical buffing 
and polishing operations. The gun- 
mover mechanism permits a wide 
variation in width of travel and can 
be used with single or multiple 
buffing systems. Frederic B. Stevens. 
For further information circle No. 1774 
on literature request card, p. 48B 


Ultrasonic Cleaner 


A self-tuning ultrasonic unit from 
Powertron Ultrasonic Corp. does 


NOVEMBER 1960 


PSC’s All-Sheet Construction 
Adds to Furnace Tube Life 


Experience of users shows much lower frequency of burn-out, with 
tube life extended up to 100%. In PSC tubes, precision-welded we 
bends are of same metal and thickness as the ; 
legs. The continuously smooth walls result 
in uniform flow of gas, and reduce the car- 
bon build-up and bend burn-out, which com- 
monly result from the rough interiors of 
cast alloy bends. Lighter than cast by 33 
to 50%, PSC radiant tubes cost less in- 
itially. Any size, shape or alloy. 


All Types Heat-Treat Units 


OLN 


THE PRESSED STEEL CO. + Wilkes-Bar 
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“National” and “Union Carbide’’ 
are registered trade-marks 
of Union Carbide Corporation 


CARBON BRICK AND PASTE—Proved 
materials for cupolas and runout 


TIONAL 


TRADE MARK 


CARBON AND 
GRAPHITE PRODUCTS 


When your operations require refrac- 
tories to handle molten irons either 
inside or outside the cupola, you'll 
realize economic advantages when you 
use “National” carbon and graphite 
products. Why? Because carbon and 
graphite have no melting point... 
resist slag and thermal shock... are 
not wet by molten irons... have low 
thermal expansion...increase in 
strength with increase in temperature. 

Whether you use carbon block and 
brick for lining cupolas and runout 
troughs... carbon paste for patching 
... graphite tubes for injection and 
upgrading of iron... graphite plung- 
ers for producing ductile iron... or 
core rods and chill plates—you'll find 
these products all help reduce mainte- 
nance, speed production and lower 
overall costs. For details write 
National Carbon Company, Division 
of Union Carbide Corporation, 270 
Park Avenue, New York 17, N. Y. In 
Canada: Union Carbide Canada 
Limited, Toronto. 


NATIONAL CARBON COMPANY 
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material capable of being sprayed by 
the airless method, including water- 
soluble paints. The gun is simple to 
operate and spray control is excellent. 
For further information circle No. 1777 
on literature request card, p. 48B 


Welding and Joining 
Multi-Purpose Brazing Fixture 


The use of several sizes of inter- 
changeable work-coils and adaptors 
permits the brazing of different 
sized brass sleeves to cold rolled 
steel on a single holding device. 
Sleeve-collar assemblies can be 


brazed in one minute or less with 
Induction Heating Corp.’s “Ther- 
momic Model 2500” generator. 
\fter the work is positioned in the 
unit, the balance of the brazing 
cevcle is automatic. 


For further information circle No. 1778 
on literature request card, p. 48B 


Manual Metal-Arc Welder 


The Air Reduction Sales Co. an- 
nounces a manual gas-shielded 
metal-arc welding gun and controls, 
designed for both light and heavy 
fabrication where short welds, off- 
the-ground welding, or emergency 


ire required, The “MIGet” 


repalrs 


gun carries its own compact reel of 
wire, drive rolls and speed controls. 
It is rated at 200 amp. (d-c. reverse 
polarity ) using argon or helium, and 
300 amp. (d-c. reverse polarity) 
using CO,. The gun will handle 
aluminum wire from 0.030 to 0.062 
in. in diameter. 

For further information circle No. 1779 
on literature request card, p. 48B 


Here’s where metals, semi-conductors and other solids are ion- 
ized for analysis by the solids model of CEC’s new 21-110 Series 
Mass Spectrometer. 


First to provide ultra-high resolution and versatility for ad- 
vanced materials research of solids, liquids, and gases, the 
21-110 distinguishes mass differences beyond the range of 
standard mass spectrometers. This powerful research tool is 
the newest addition to CEC’s mass spectrometer line—foremost 
in the field for over twenty years. Included in today’s complete 
line are: 

21-103C MASS SPECTROMETER —Time-proved international standard — per- 


forms control and laboratory analyses to above mass 600 for gases, liquids, 
and high-vapor pressure solids. Bulletin CEC 1800-X1. 


21-130 LABORATORY MASS SPECTROMETER — Medium-priced with perform- 
ance equal to that of larger units over a reduced mass range. Ideal for most 
laboratories. Bulletin CEC 21130-X1. 


21-620A PROCESS-MONITOR MASS SPECTROMETER—Continuous sampling 
for process monitoring... provides fastest qualitative and quantitative anal- 
ysis of gaseous and low-boiling liquid streams. Also adaptable as low-cost 
mobile batch analyzer. Bulletin CEC 1824-X1. 

21-611 MASS SPECTROMETER — Smallest in the line, portable, excellent for 
assignment to special projects, or adaptation for residual-gas analysis. Sen- 
sitivity equals the 21-103C. Bulletin CEC 1843-X1. 


Actual photo-plate record from the 21-110 

shows three mass spectral lines resolved at m/e | 
28. The two closest lines represent ions of CO | 
and N2 which differ by only 0.01123 mass units. | 
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THE ZAK BUTTON 
UNIT FOR EXPERIMENTATION 
QUALITY CONTROL SMALL PRODUCTION 
AND LABORATORY MELTS 


The Zak Vacuum Button Furnace is a versatile 
laboratory furnace to be used with controlled at- 
mosphere or vacuum melting according to the 
needs of the user. Some melters find it invaluable 
in testing for quality control of purchased sponge 
or platelets; others find by threading a few pounds 
of compacted material into the electrode holder a 
hand fed consumable electrode melt can be ob- 
tained. Yet, if required the furnace can be 
equipped with a small power ram. 


The Zak Furnace may be purchased as a Basic 
Unit or complete with Control Panel, Gauging and 
Pumping Systems. Whatever your requirements 
may be we will quote to your specifications. 
Send today for descriptive literature: B6U0-2 
Button Furnace @ CR-58 Crucible @ FAC-58 Facili- 
ties Folder @ IM-59 Ingot Molds @ HT-59 Hot Top- 
ping Unit. 


“Engineering Manufacturers for Industry” 


LAK MACHINE WORKS, INC. 


(GREEN ISLAND) NEW YORK 
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Inspection and Control Equipment 
Vibratory Polishing 


An untrained technician can obtain 
excellent surfaces on metal samples — 
from soft gold to hard boron carbide 
—with the “Vibromatic” polisher. 
Hand-polishing drudgery and waste 
are eliminated. Polishing is continu- 
ous, clean and completely nondirec- 
tional. There is no relief polishing, 
smearing, or “shadowing” which may 
occur with hand polishing. The tech- 
nician is free to mount samples and 
make hs during polish- 
ing operation. Fishe r Scientife Co. 
For further information circle No. 1780 

on literature request card, p. 48B 


Push-Pull Gage 

A split-dial on this instrument gives are accurate within + 1% of full-scale 
readings of compression, tension, or reading. Applications include meas- 
oscillating loads. A complete line of uring tension in moving wire, pre- 
gages are available, calibrated in venting conveyer system overload, 
capacities ranging from 5-0-5 to and setting spring adjustments. W. C. 
25,000-0-25,000 Ib. The instruments Dillon & Co., Inc. 

For further information circle No. 1781 on literature request card, p. 48B 


Production Equipment 


Hydrogen Generator 

This plant produces low-cost hydrogen 
in two stages: dissociation of ammonia 
into H, and N, and separation of H, 
by a continuously cycling adsorption 
process. The hydrogen content can be 
controlled from 82 to 98%, the balance 
being nitrogen. Contamination of hydro- 
gen with CO or CO, is impossible. The 
plant can be operated in any range 
from 25% to full capacity (750 scfh.) 
without affecting quality or efficiency. 
Electric Furnace Co. 

For further information circle No. 1782 

on literature request card, p. 48B 


Parts and Forms for Design and Applications 
Galvanized Spring Wire 


The zinc coating on music wire has gling, is eliminated. Close-pitched 
been increased to 3-7% of the total springs are uniformly protected around 
weight and is 10 to 15 times more their circumference. The wire (0.012 
corrosion resistant than standard to 0.060 in. in diameter) is made to 
tinned wire. Post-plating, with the standard music wire specifications. 
risk of acid embrittlement and _tan- National Standard Co. 

For further information circle No. 1783 on literature request card, p. 48B 


Corrugating Metal 


A new concept in corrugating — folding metal 
rather than drawing it — allows simultaneous per- 
forating, offsetting and slotting, and affords a large 
variety of patterns in aluminum, brass, copper, 
stainless or mild steel. The machine takes coiled 
stock in widths up to 36 in. and gages from 0.002 
to 0.030 in. Applications include air conditioners, 
space heaters, waveguides, curtain walls, and ship- 
ping containers. Twin Coach Co. 

Circle No. 1784 on request card, p. 48B 
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for HARDENING * BRAZING 
SOLDERING + FORGING * ANNEALING 
MELTING + SINTERING WELDING 
INING SHRINK FITTING 
CRYSTAL GROWING 


INDUCTION 


HEATING 


© Over 15,000 heating applica- 
tions resolved in our customer 


and know-how qualify us to 
prescribe the techniques and 


Contact our factory 


INDUCTION HEATING corp. 
181 WYTHE AVE., BROOKLYN 11, N.Y. 
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the new Leitz MICRO-ME TALLOGRAPH 


engineered specifically for modern industry 


Availability of a Le Chatelier type LEITZ MICRO-METALLOGRAPH has been eagerly awaited by 
industrial scientific laboratories. With this new instrument, precise details of metallurgical speci- 
mens may be viewed simultaneously on the 30” projection screen as well as through the binoc- 
ular observation tube. The newly-developed, powerful XENON lamp provides ample illumination 
to permit observation in a normally lighted room. Photomicrography of specimens is quickly 
and easily accomplished with pre-aligned 5” x 7” camera or, if desired, a Polaroid-Land 4” x 5” 
camera back. Engineered specifically to meet the needs of the modern, metal working industry 
the new LEITZ MICRO-METALLOGRAPH “sets a new standard for metallurgical observations.” 


e Inverted microscope stand with mechanical stage, coarse and fine focusing 

e Xenon lamp with 7 filters in push-button, quick-change mounts 

e Eye pieces with 30% wider field, in binocular tube 

e New, ‘‘Plano,” flat-field objectives from 3.2 to 160x 

@ Projection and viewing screen in cast housing, 30” diameter 

@ Special 5”x 7” camera with adaptor for attaching Polaroid-Land 4”x 5” camera back 


E. LEITZ, INC. Dept. MP-1 1 

SCHMIDT & HAENSCH DIVISION 

468 PARK AVENUE SOUTH, NEW YORK 16, N.Y. 

Please send me additional information on the new MICRO- 
METALLOGRAPH, Model MM. 


FIRST IN PRECISION OPTICS Name 


Street 


©. LEITZ, INC., 466 PARK AVENUE SOUTH, NEW YORK 16, WN. Y. 
Oistributors of the woritd-famous products of 
Ernst Leitz G.m.b.H., Wetziar, Germany-Ernst Leitz Canada ita. 
LEICA CAMERAS - LENSES - PROJECTORS . MICROSCOPES - BINOCULARS 
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Standard Basket Parts 
adaptable to a wide range of furnace trays 


NEW DESIGN features of AECCo. BILT-UP components are now combined 
with the PROVEN ADVANTAGES of AECCo. "CRISS-CROSS” construction 
for tray baskets—another illustration of AECCo. BETTER SERVICE 


@ Mony sizes easily BILT-UP from AECCe. STANDARD BASKET PARTS 
@ Parts individually reploceable—ionger service at lower cost 

@ Length and height variable in one-inch increments 

@ Light weight combined with high strength 

@ Positive—and strong—<ost connections ot ol! points 


RECTANGULAR TRAY 
WITH 
BILT-UP BASKET 
99%," HIGH 


SQUARE TRAY 
WITH 


BILT-UP BASKET 
12-5/16” HIGH 


( eat RESISTANT CASTINGS 


CD. 


1700 W. WASHINGTON ST., CHAMPAIGN, ILL. TELEPHONE FLEETWOOD 6-2568 
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REFERENCE JUNCTION AT 32°F 


TUNGSTEN - RHENIUM 


A“ 
a 
|MOLYBDENUM- RHENIU 


E. M. F., MILLIVOLTS —> 


49% !RIDIUM + 69% RHODIUM-IRIDIUM 


Re 


16 18 2000 22 24 26 28 3000 32 34 36 38 4000 
TEMPERATURE, °F > 


Measure temperatures 


up to 4000°F 
with 


Honeywell Thermocouples 


Precise measurement of high temperatures is almost an 
art. Working effectively with temperatures over 2800°F 
calls for an intimate knowledge of both materials and 
methods. Honeywell’s long experience, combined with 
an intensive basic research program, have produced 
special techniques and equipment for precise measure- 
ment of high temperatures. 


The thermocouples listed below—tungsten-rhenium, 
molybdenum-rhenium, and 40% iridium + 60% rhodium- 
iridium —are the best available combination of cali- 
bration stability, reproducibility and physical strength. 
Although the temperature-emf curves shown above are 
still tentative, they are based on substantial scientific 
studies conducted independently in several different 
laboratories. 


HIGH TEMPERATURE ASSEMBLIES WITH PROTECTING TUBE* 


Honeywell’s research at the Hopkins Research Center 
is aimed at discovering more and more practical informa- 
tion on high-temperature thermocouples and passing the 
results on to you. 


For more information, call your Honeywell Field Engi- 
neer .. . he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Honeywell 
Fit 


SIncCE 186865 


HIGH TEMPERATURE ASSEMBLIES WITHOUT PROTECTING TUBE* 


Maximum 
Recommended Tube & Insulator 
Calibration Temperature Material 


Maximum Insulator Dimension 
Recommended Insulator 0D. 
Calibration Temperature Materia! (in.) 


TUNGSTEN- 3200°F ALUMINUM OXIDE 5/16 
RHENIUM 4000°F BERYLLIUM OXIDE / 3/8 


TUNGSTEN- 3200°F ALUMINUM OXIDE 0.028 0.140 
RHENIUM 4000°F BERYLLIUM OXIDE 0.028 0.130 


MOLYBDENUM- 


RHENIUM 3000°F ALUMINUM OXIDE 3/16 5/16 


MOLYBDENUM- 


RHENIUM 3000°F ALUMINUM OXIDE 0.028 


40% IRIDIUM+ ALUMINUM OXIDE 3/16 
1/4 


60% RHODIUM. 
BERYLLIUM OXIDE 1 3/8 


40% IRIDIUM+ 3909°F ALUMINUM OXIDE 0.028 


60% RHODIUM- h 
IRIDIUM. OXIDE 0.028 


*Most assemblies available in 5”, 11” 17”, 20”, 23” and 29” immersion lengths. 
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In the shape, length, 


diameter you need: 
ASARCON® 


Continuous-Cast Bronze Castings 


Asarco will custom cast practically all standard tin-bronze 

alloys in the shapes, lengths, and diameters you need. You get 

custom shapes in continuous lengths; uniformity and machin- 
, ability of alloys guaranteed free of hard or soft spots, with no 
sand, dirt, or dross to dull tools or reduce cutting speeds. You 
get the superior physical characteristics of continuous cast 
bronze: impact, tensile, yield strength and hardness, as much 
as 100% better than the same alloys cast other ways. Write 
for complete data to Continuous-Cast Department, American 
Smelting and Refining Company, Barber, N. J. or Whiting, Ind. 


Immediately available from stock: 


ASARCON 773 BEARING BRONZE (SAE.660) — 260 sizes of rods and tubes. 
Complete range of sizes from 4%” to 9” diameters, up to 105” lengths. 


West Coast Distributor: Kingwell Bros., Ltd., 457 Minna Street, San Francisco, Calif. In Canada: 
Federated Metals Canada, Ltd., Toronto and Montreal. Distributors in many principal cities. 
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tinuous-cast tube. This custom-cast 
shape was produced precisely to the 
customer's alloy, shape and dimen- 
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a TENUOUS CAST DEPARTMENT 


SOLID-WALL INSULATION 

Highest quality graded fire-brick and 
block insulation. Greatly reduces heat 
loss, maintenance and operating costs. 


SYNTHETIC MULLITE 
REFRACTORIES 

Outlast all other refractories many 
times over. Extra stable at high temps 
— won't slump, crack, spall. 


CAST IRON FRONT PLATE 


Far superior. Stands up in burn- 
ing atmosphere — won't warp or 
buckle. Or wrought steel weld- 
ment for gas-tight construction. 


GAS-TIGHT SHELL 
Reinforced steel plate. Com- 


pact, extra-sturdy, mainte- 
nance-free design. 
LOW-WATT DENSITY 

HEATING ELEMENTS 

Nickel chromium ribbon or new thru- 
type ceramic rods. Extra long life — 
minimum of hot spots, arcing, fusing. 


AUTOMATIC TEMPER- 
ATURE CONTROL 


Includes controls, thermocou- 
ple and leads, magnetic 
contactor. Wide choice of 
accessories. 


CLOSE-FITTING 
DOOR 


Well insulated. Fea- 
tures exclusive cam- 
action closing device 
—plus Hayes “Certain 
Curtain” protection 
against air contami- 
nation. 


Easily adapted to critical work 
requiring low dewpoint atmos- 
pheres, by addition of muffle and 
pre-heat 


Versatility multiplies the value and economy of any 
good heat treating furnace. That’s why Hayes 
Standard Type LR Preheat and CG Superheat Fur- 
naces are designed to handle almost limitless hard- 


external generating equipment, these two furnaces 
are readily adaptable to reducing, as well as oxidiz- 
ing atmospheres . . . for treating virtually all types 
of steels and many non-ferrous metals. 


_ ening and annealing applications. Used with Hayes Both the Hayes LR Preheat Furnace and the CG 
Superheat Furnace are often called “spare tire” 
furnaces. Each features Hayes patented “Certain 
Curtain” atmosphere control, which acts as an 
emergency stand-by when external gas generating 
equipment is not in use. 


Before you select any furnace, compare it with 

Hayes for job flexibility . .. plus operating economy 

. . . plus all these quality-construction advantages! 
for Bulletin 461 


ELECTRIC FURNACES 


Cc i. HAYE S, INC. 


Established 1905 
802 WELLINGTON AVE. ° 


CRANSTON 10, R. i. 
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Ferrous Metals 


1786. PH Stainless 

Armco Steel Corp. will send data on 
17-4PH stainless steel. Stronger than Type 
416; as corrosion resistant as 18-8 stain- 
less steel. 


1787. Alloy Steel Booklet 

“Quick Facts About Alloy Steels’ pub- 
lished by Bethlehem Steel Co. Elemen- 
tary information on steel heat treatment, 
properties, and microstructures. 


1788. Steel for Springs 

Brochure from Sandvik Steel, Inc. cov- 
ers properties and product information on 
spring steels 


1789. Property Charts 

Wallace Barnes Steel Div. has published 
‘Physical Property Charts” on properties 
and formability of tempered steel 


1790. Nitriding Steels 

National Forge Co. will send Bulletin 
NH1058 on nitriding steels, including the 
Ni-2 Al grade 


1791. Stainless Products 

Booklet, “Producing Stainless Steels’. 
describes plates, heads, forgings and spe- 
cial shapes produced by G. O. Carlson. 


1792. Steel Plate 

Folder from U. S. Steel presents prop- 
erties and selection data on carbon steel, 
high-strength low-alloy steel, “T-1" steel 
and stainless steel plates. 


1793. Spring Steels 

The Uddeholm Company of America, 
Inc. has published a 50-page Catalog and 
Stock List on spring steels made of 
straight carbon steels, alloy steels, and 
stainless steels. 
1794. Toolsteel Guide 

A “Steelector” booklet from Allegheny 
Ludlum gives complete data on line of 
toolsteels mechanical property and 
heat treating information included 


Vonferrous Metals 


1795. Vanadium Alloys 

Brochure VM2-P8 describes vanadium 
mill products made by Union Carbide 
Metals Co. 


1796. Drawn Copper Shapes 

Flyer from Nippert Electric Products 
Co. describes standard and special shapes 
produced to your specifications. 


1797. Aluminum Castings 

Bulletin 103 from Federated Metals Div. 
discusses properties and characteristics of 
“Tenzaloy’, a self-aging aluminum cast- 
ing alloy. No heat treatment required. 


1798. Brass Die Castings 


Titan Metal Manufacturing Co. offers 
information on pressure die castings in a 
range of brass alloys. 


1785. Information Searching 
A.S.M.’s 


which 


Brochure discusses 


Documentation Service 
delivers the world’s current metal- 
lurgical literature to you every 


DOCUMENTATION SERVICE 


at tne tor 


two weeks in digest form. Biblio- 
graphic searching of previously 
published information covering 
the area of your particular inter- 
est is also available. American 


Society for Metals. 


1799. “Tin News” 

A menthly bulletin on tin supply. 
prices, and new uses is published by the 
Malayan Tin Bureau. 


1800. Rare Earths 

Vitro Chemical Co. has published a 
pamphlet on rare earths, including scan- 
dium and yttrium. 


1801. W and Mo 


Information on tungsten and molybde- 
num ingots and billets from Sylvania 
Electric Products, Inc. 


1802. Beryllium Products 

Bulletin from Beryllium Corp. describes 
facilities for the production and fabrica- 
tion of beryllium products, also research 
and development. 


1803. Selection Chart 

Seymour Manufacturing Co. is offering 
an “Alloy Selection Chart” for nickel sil- 
ver, phosphor bronze, brass, copper, and 
stainless steel. 


EW LITERAT 
URE ¢ NEW LI 


= * NEW LI 


1804. Wire, Rod and Strip 

Information from Riverside-Alloy Metal 
Div. on supplies of nickel, nickel silver, 
cupronickel, stainless, and bronze—in 
strip, rod, and wire. 


1805. Tungsten Chemicals 

Sylvania Chemical and Metallurgical 
Div. has issued a new tungsten chemicals 
specification catalog. 


1806. Impact Extrusions 

Alcoa has published a 34-page brochure 
on impact extrusions entitled “Metal in 
Motion” which details applications and 
savings possible. 


1807. Inert Fabrication 

12-p. brochure published by Universal- 
Cyclops Steel Corp. is entitled “InFab 
for Producing Space-Age Metals”. 


1808. Stock Catalog 

290 pages of stock information on non- 
ferrous and stainless steel mill products 
Latest government and society specifica- 
tions included. Data from Meier Brass & 
Aluminum Co. 


1809. Tin Applications 

20-p. booklet released by Malayan Tin 
Bureau contains descriptions of many tin 
applications, including tin plate, solder, 
bronze, babbitt, white metal, tinning, 
tubes, and chemicals. 


1810. Conductivity Rating 

8-p. bulletin provides a rapid check 
list for electrical conductivity ratings of 
56 copper alloys. Bridgeport Brass Co. 


IS11. Copper Alloys 

Data sheet from American Metal Cli- 
max, Inc. discusses “Amzirc” a new zir- 
conium-copper alloy which combines high 
conductivity with resistance to thermal 
impact. 


1812. Molybdenum Products 
_General Electric Co. will send informa- 
tion on molybdenum in squares, rectan- 
gles, slabs, hollows or solid cylinders up 
to 1 ft. in diameter. 

1813. “Ampco” Metal 


Bulletin describes applications where 
severe wear and corrosion, or mechanical 
abrasion is encountered. Ampco Metal. 


1814. Rare-Earth Metals 

The Lunex Co. will send pamphlet de- 
scribing the properties of high-purity 
rare-earth metals including lanthanum. 
yttrium, and gadolinium. 
1815. Powder Metallurgy 


Mueller Brass Co. has issued preduct 
data sheets covering the production and 
application of powder-metal parts. 


Heat and Corrosion 
Resistant Materials 


1816. High-Nickel Alloy 


Duraloy Co. will furnish information 
on “HOM” casting alloy for the 1800- 
2300° F. range. 


To request any item listed, circle appropriate number on Reply Card, p. 48B 
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¥ 
QUOTE 
~ 
Mr. Art George, Senior Production Engineer, Golden Valley Plant, 
27 Minneapolis-Honeywell Regulator Company, Minneapolis, Minn. 


* Altogether, 44 Lindberg Furnaces are in operation in various Honeywell plants. 


6 


ART GEORGE has a 


good word to say for 
Lindberg Melting Furnace 


performance 


“Our installation of eight* Lindberg-Fisher Two-Chamber Induction Melting and Holding 
Furnaces has given remarkable service for more than four years. In this period, with the 
help of a well executed Honeywell maintenance program, the installation has been unusu- 
ally trouble-free. Only one of the eight furnaces has required relining over this long period. Handling 
more than 1,000,000 pounds of aluminum and zinc annually, the installation has unfailingly pro- 


vided the consistently high quality of metal our precision instruments require.” 


These eight Lindberg-Fisher Induction Furnaces melt 
and hold aluminum and zinc for die casting gas valve 
housings and other component parts. They are 
located at the die casting machines where ingot and 
scrap can be melted and held at the desired casting 
temperature in one convenient unit. Magnetic fluxing 
and stirring insures uniform temperatures and con- 
sistently clean metal. 

In any production process where aluminum needs 
heat there is Lindberg equipment to apply it most 
economically and efficiently. Furnaces for melting 
and holding, casting stations, re-melting or heat 
treating are available in all capacities, electric or fuel 
fired. Get in touch with your Lindberg Field Engineer 
(see your classified phone book) or write us direct. 
Lindberg-Fisher Division, Lindberg Engineering Com- 
pany, 2448 West Hubbard St., Chicago 12, Illinois. 


Los Angeles plant: 11937 S. Regentview Avenue, Downey, California. 
in Canada: Birlefco-Lindberg Ltd., 15 Pelham Ave., Toronto 9, Ont. 
Also, Lindberg plants in Argentina, Australia, England, France, 
italy, Japan, South Africa, Spain, Switzerland and West Germany. 
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One of eight Lindberg Two-Chamber Induc- — 
tion Furnaces at Minneapolis-Honeywell’s 
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1817. Refractory Grains 

Catalog from Norton Co. describes a 
wide range of refractory materials. Physi- 
cal, chemical, and electrical properties of 
AL,O,, MgO, boron carbide, and fuzed zir- 
conia. 


1818. Graphite Cloth 

Bulletin 101 presents detailed property 
data on graphite woven fabrics and their 
applicability to a variety of industrial 
uses. Textile characteristics are also in- 
cluded. National Carbon Co. 


1819. Heat Resistant Castings 

12-p. brochure describes research, de- 
sign, development and production of 
high-alloy heat resistant castings for the 
steel industry. Electro-Alloys Div. 


1820. High-Alloy Castings 

64-p. booklet “Heat Resistant Castings, 
Corrosion Resistant Castings . . . Their 
Engineering Properties and Applications” 
available from International Nickel Co. 


1821. Super Refractories 

The Carborundum Co. has issued a 
booklet on refractories including “Re- 
frax”, a nitride-bonded silicon carbide. 


1822. Alumina Tubes 

Morganite Inc. will send data sheets 
describing porous, pure alumina tubes 
for temperatures to 3450° F. Can be used 
in hydrogen and cracked ammonia re- 
ducing atmospheres. 


Nuclear Materials 


1823. Stainless Pipe 

Flyer from Sandusky Foundry and Ma- 
chine Co. discusses centrifugally cast aus- 
tenitic stainless steel pipe for use as pres- 
sure piping in nuclear service. 


Tool Materials 


1824. Wire Drawers 

The Ajax Manufacturing Co. has pre- 
pared Bulletin 111-B on an “Ajax-Hogue” 
wire drawer. It will cold-draw wire from 
hot-rolled stock. 


1825. Chemical Milling 

Eastman Kodak Co. has a _ brochure 
which presents information on “Metal- 
Etch Resist”. It speeds up and simplifies 
chemical milling operations. 
1826. Drawing Lubricant 

Bulletin 26 discusses “Fleximet S”, a 
multi-purpose, dry-film lubricant used in 
drawing ferrous and nonferrous alloys. 
Swift & Co. 
1827. Roll Forming 

88-p. booklet from the Yoder Co. con- 
tains data on cold roll forming equip- 
ment, processes, and products. 
1828. Colloidal Dispersions 

Bulletin 425 “Colloidal Dispersions for 
Use in Metal Casting” available from 
Acheson Colloids Co. 


1829. Draw Forming 

The Cyril Bath Co. offers literature de- 
scribing radial draw forming machines 
for high-speed production. 
1830. “Moly” Lubricant 

The Alpha-Molykote Corp. will send a 
free sample of “Molykote G” lubricant 
plus their Bulletin 126 describing the 
product. 


1831. Graphite Dispersions 


Booklet explains the proper oil or 


water-base graphite dispersion for your | 


specific operation or application. Grafo 
Colloids Corp. 


1832. Molybdenum Disulphide 
24-p. Bulletin 124 discusses the theory 
and practice of lubrications by solids, in- 
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cluding advantages of using molybdenum 
disulphide solid lubricants. Alpha-Moly- 
kote Corp. 


1833. Carbide Catalog 

44-p. Catalog TTI-60 includes specifica- 
tions and general information on “Firth- 
ite” carbide tips, tools, tool-holders and 
inserts. Firth Sterling. 


1834. Solid Film Lubricant 

Flyer available from Hohman Plating 
& Mfg. Inc. on “Surf-Kote No. A-1290” 
air-drying solid-film lubricant. 


Industrial Heating 


Equi pment 


1835. Salt Baths 

“Salt Bath Tips and Trends”, Vol. 12, 
No. 2, discusses operational details of a 
recent high-speed salt bath installation. 
Ajax Electric Co. 


1836. “Temperature” Crayons 

Tempil Corp. has information on “Tem- 
pilstiks”, available in 80 different tem- 
perature ratings. 


1837. Box Furnaces 

Bulletin GED4179 from General Elec- 
tric Co. on box furnaces for production 
heat treating, tool rooms, laboratories, 
and pilot operations. 


1838. Salts for Heat Processing 


Information from E. F. Houghton & Co. 
on salts for martempering, annealing. 


carburizing, nitriding, hardening, and 
quenching. 
1839. Induction Heating 


The Ohio Crankshaft Co. has published 
“Typical Results of CO Induction 
Heating for Forging and Forming”. 


1840. Combustion Tubes 

For service up to 3000°F., McDanel 
combustion tubes—made of mullite or 
“Zirco” ceramics—are thermal shock re- 
sistant and gas tight. 


1841. Heat Treating Materials 

Park Chemical Co. has information on 
a complete line of heat treating materials 
for carburizing, hardening, heating, or 
quenching. 


1842. Direct-Reading Pyrometer 

The “Shawmeter” is an automatic, di- 
rect-reading, two-color pyrometer for in- 
dicating, recording, or controlling tem- 
peratures to 6500°F. Data from Shaw 
Instrument Corp. 


1843. Quenching Oil 

Information on “Voluta” quenching oils 
can be obtained from Shell Oil Co. Stable 
at temperatures to 180° F. 


1844. Gas Burners 

yy! covers line of “Buzzer” burn- 
ers. No blower or other pewer needed— 
just connect to gas supply. Chas, A. 
Hones, Inc. 


1845. Surface Pyrometer 

Catalog No. 168 describes “Pyro” sur- 
face pyrometer. Quick-acting . . . pre- 
cise . . . easy-to-read dial. Pyrometer 
Instrument Co. 

1846. Heat Exchanger 


Niagara Blower Co. has released Pam- 
phlet 120 covering “Aero” heat exchang- 
ers to control the temperature of your 
quench bath. 


1847. Thermal Fatigue 

Electro-Alloys Div. has published “The 
Mechanism of Thermal Fatigue” by H. S. 
Avery. 


1848. Gas Alloying 
Lee Wilson Engineering Co. will send 


folder covering the “open coil” process of 
gas alloying. 
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1849. Radiant Tubes 

The Pressed Steel Co. has released a 
pamphlet covering sheet alloy radiant 
tubes which cost less and last longer than 
other types. 


1850. Electronic Generators 

Catalog describes electronic tube gen- 
erators from 1-100 kw. and rk-gap 
converters from 2-30 kw. Lepel High Fre- 
quency Laboratories. 


1851. Draw Furnace 

Bulletin SC-182 describes continuous 
draw furnace with high-speed, high vol- 
ume air circulation. Information from 
Surface Combustion Div. 


1852. Low-Temperature Cabinet 

Revco Inc. has issued folder “Selecting 
a Low-Temperature Cabinet.” Tempera- 
tures to —140° F. 


1853. Temperature Controller 

Honeywell has data on “Model T654A, 
a low-cost indicating temperature con- 
troller for use in rugged industrial appli- 
cations. 


1854. Oil Coolers 

Combined Catalog and Selection Man- 
ual gives full information on Bell & Gos- 
sett Co. self-contained oil coolers for 
quenching systems. 


1855. Process Belts 

Ashworth Bros., Inc. has issued litera- 
ture on metal process belts for all types 
of applications involving continuous flow. 


1856. Induction Meltin 

Inductotherm will send Bulletin 70 on 
induction furnaces for fast, clean melting 
operations. 


1857. Industrial Ovens 

Young Brothers Co. offers Bulletin 157 
on dependable heat treat ovens, designed 
and built for individual product and proc- 
ess requirements. 


1858. Gas Analyzer 

Information can be obtained from Mine 
Safety Appliances Co. on an inert gas 
analyzer which includes a controller and 
recorder. 


1859. Program Control 

Process Data Sheet 660 discusses ““Mas- 
ter-Slave” program control for reproduc- 
ing heat treating cycles accurately. Leeds 
& Northrup. 


1860. Industrial Blowers 

Catalog 126B from Spencer Turbine Co. 
contains complete specifications on blow- 
ers. available in standard capacities (1 
to 1000 hp.), up to 20,000 cfm., and 4 oz. 
to 10 lb. pressure. 


1861. Heating Elements 

Information from Carborundum Co. on 
“Globar” silicon carbide heating elements 
for precise, economical bright annealing 
and other heating applications. 


1862. Salt Baths 

Eliminate scaling and decarburization 
in heat treating without special atmos- 
the use of salt baths. 
ata available from American Cyanamid 
Company. 


1863. Heating Element Alloy 

A report from Hoskins Mfg. Co. de- 
scribes the results of a 5-yr. metallurgical 
research and development study on heat- 
ing element alloys for controlled atmos- 
phere furnaces. 


1864. Resistance Furnace 

Flyer from Curtiss-Wright Corp. de- 
scribes high-temperature resistance fur- 
nace for laboratory research work. Tem- 
peratures to 4800° F. are possible; 5100° F. 
for intermittent use. 


Forge shops save money 
and increase production 
with these Salem-Brosius furnaces 


Salem-Brosius furnaces are favorites in shops 
that forge stainless steels, titanium, zirconium, 
aluminum, and many of the refractory alloys 
used in jet engines and missiles, as well as the 
full range of carbon steels generally employed. 
The battery of batch furnaces above is now in 
continuous operation in the plant of one of the 
nation’s outstanding forgers of newer alloys. 
The rotary hearth furnace below heats bar stock 
for closed-die automotive forgings. 

Forge shop operators specify Salem-Brosius 


furnaces because they are built for long service 
life with common-sense structural, refractory, 
and mechanical characteristics. Designed for 
manual or automatic charge and discharge, ro- 
taries such as this offer efficient, low-cost heat- 
ing. They can be manually or automatically 
controlled, and offer assurance of fast and uniform 
output at high speed in a minimum of floor space. 

Whether you require these or any other type 
of heating or heat-treating furnaces, Salem- 
Brosius can build them. Call us today. 


Salem-Brosius, Inc. 


PITTSBURGH, PENNSYLVANIA 
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1865. Photoelectric Temperature 


Control 
Bulletin 5108 describes photoelectric 
temperature-control line, “PyroTemp”, a 
temperature-limiting device for control- 
ling industrial processes. The Clark Con- 
troller Co. 


1866. Industrial Furnaces 

Catalog describes “Dyna-Trol’ fur- 
naces and ovens; complete specifications 
and price list for a full line of furnaces. 
L and L Mfg. Co. 


1867. Temperature Control 


Instruments 
Folder 3020 lists pressure gauges, ther- 
mometers and control instruments of- 
fered by U.S. Gauge Div. 


1868. Production Carburizing 

Ipsen Industries has bulletin P-59 de- 
scribing pusher furnaces. Features in- 
clude an enclosed charging mechanism 
and a chain discharging mechanism. 


1869. Pulsation Burner 

Bulletin No. 60-A from E. W. Bliss Co. 
describes pulsation burner. It can attain 
temperatures of 3450°F. and gives a 
faster heating cycle and increased fuel 
economy. 


1870. Wall Chart 

The Claude S. Gordon Co. will send 
Tempil’s “Basic Guide to Ferrous Metal- 
ey’ a plastic laminated wall chart in 
color. 


1871. Vacuum Furnaces 

The C. I. Hayes, Inc. publishes bulletins 
5709A and B describing “Vacu-Master’ 
furnaces for conventional and _ special 
applications, such as sintering at temper- 
atures to ° 
1872. Heat Treating Furnace 

The Commercial Steel Treating Corp. 


has literature on a gantry-type heat treat- 
ing furnace. It can process parts up to 28 
ft. long by 6 ft. in diameter. 


1873. Shaker Hearth Furnaces 


The American Gas Furnace Co. will 
send complete details on their “Automo- 
tion Series” rotary and shaker-hearth 
furnaces. 


1874. Gas Furnaces 

The Harper Electric Furnace Corp. pub- 
lishes information on electric and gas 
furnaces for brazing, sintering, bright an- 
nealing and forging operations. 


1875. Thermocouple Alloys 

The Hoskins Mfg. Co. will send techni- 
cal data sheets covering properties and 
applications of Chromel-Alumel thermo- 
couples. 


1876. Gas Generators 

Rolock, Inc. has published literature 
describing an endothermic gas generator 
which features complete reversibility and 
self-cleaning of catalyst beds. 


1877. Thermocouples 
Catalog Gl100-4 discusses “Megopak” 
line of small diameter flexible thermo- 
couples with high speed of response. 
Minneapolis-Honeywell. 


1878. Indicating Controllers 

Details available from Barber Colman 
Co. on “Wheelco Double-O” recording 
and indicating controllers. 


1879. “Temperature” Pellets 

The Markal Co. has published literature 
on “Thermomelt” temperature pellets for 
inaccessible or hard-to-measure applica- 
tions. 


1880. Thermostatic Bimetal 


Booklet contains application data for 
more than 30 ty of thermostatic bi- 
metals. Available in strips, coils and com- 


pletely fabricated elements of your de- 
sign. W. M. Chace Co. 


1881. Water Detector 

Folder No. WS-60 describes installation 
and operation of “Water Sentinel”, a 
safety device that detects water in en- 
closed oil quench tanks. Ipsen Industries. 


1882. Bimetal Thermostats 

4-p. Folder 8400 gives data on “Stemco” 
line of bimetal thermostats. Specification, 
performance and application data in- 
cluded. Stevens Mfg. Co. 


Cleaning and Finishing 
Equipment 
1883. Epoxy Pipe-Coating 


Information on “Dearclad 765", an epoxy 
pipe coating which provides high electri- 
cal resistance and superior protection 
— chemical attack. Dearborn Chemi- 
cal Co. 


1884. Selector Brochure 

Pocket-size brochure from Macco Prod- 
ucts Co. tells how to select cleaners, cut- 
ting lubricants, drawing compounds, rust 
hen yg and forging and extrusion 
ubricants. 


1885. Maintenance Painting Guide 
A 24-p. guide to maintenance painting 

of industrial plants, machinery and equip- 

ment, and commercial and institutional 

buildings has been published by Sher- 

win-Williams Co. 

1886. Plating Aluminum 


Bulletin TC-40221 discusses advantages 
of using metal fluoborates in plating alu- 
minum. Baker & Adamson Products. 


1887. Barrel Cleaning 


Bulletin 660-A on “Clepo 11-T’, an al- 
kaline compound for cleaning, descaling 
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Kodak Metal- 
Etch Resist... 
speeds up, 
simplifies, 
opens new 


DEEP-ETCH 


MATERIAL FOR CHEMICAL MILLING 


chemical 
milling 
applications 


@ 0.10° AND UP... That's the point 
of entry requirement . . . to provide your 
inspectors the chance to use the out: 
standing National Fontar Borescope and 
thus give them the brightest, distortion- 
free, close-up view of the defect in ‘‘in- 
accessible”’ interior surfacés of the cast, 
drawn, welded or moided product/. . . 
from“inches deep to many feet. / 


This photo sensitive resist ends time-consuming 
handwork, allows close-limit accuracy in deep-etch 
weight reduction and parts manufacture. Also 
reproduces fine-line detail as in plating, dial and 
nameplate making. Withstands acids, alkalies, elec- 
trolytic fluids . . . adheres well to aluminum, tita- 
nium, magnesium, stainless and other alloy steels. 
Makes volume production possible because of its 
high stability, strict uniformity. Send for detailed 
brochure: Etching, Chemical Milling & Plating with 
Kodak Metal-Etch Resist. 


Find out how itstise can be a tinte and 
cost saver while it up-gradesyour Qual- 
ity Control. Just send for our “Bore 
scope Catalog.” 
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heat are 
eadied for test flights. 


Richt now edientists tad engineers from 
the National Aeronautics and Space Ad- 
ministration and McDonnell Aircraft are 
working toward the day when the first 
American will ride into space to ogbit — 
the earth. 

How do beryllium and Brush fit into the 
Project Mercury manned epese flight 
effort? A beryllium heat sink is one of 
two ways being tested to protect the 
pe human payload from re-entry 

eat. Beryllium absorbs tremendous 

heat, is light, yet maintains strength at 
‘high temperature. And Brush developed 
new techniques to produce the world’s 

largest beryllium forgings for use as heat ° 

sinks in the tests to determine the final 

a design of the manned space capsule. 

6 Beryllium offers the solution to many 

‘space age’ application problems. Brush . 

will continue to take the lead in produc 

ing beryllium in new forms by new tech- 

niques for new uses. 

Can this metal, its alloys, its oxide, or 

our ex ding experience with » ard 

versatile materials solve a problem for 

. you? Let us try. Contact us at on ' 
Euclid or ENdicott 1-5409 -in 


| 
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and shine-rolling small steel parts. Fred- 
erick Gumm Chemical Co. 


1888. Glass Shot 

Microbeads, Inc. has published a bro- 
chure on microscopic ~~ beads—“Glas- 
shot”—for use with all types of wet or 
dry blast equipment. 


1889. Conversion Coatings 

R. O. Hull & Company, Inc. has issued 
bulletins covering “Rodip” powders which 
offer a variety of low-cost finishing ef- 
fects—brightening, corrosion protection, 
and paint bonding. 


1890. Metal Abrasives 

The Cleveland Metal Abrasive Co. will 
send catalog discussing “Realsteel” metal 
abrasives for your particular application. 


1891. Cleaning Steel 

Service Bulletin 80A presents informa- 
tion on cleaning steel prior to hot-dip 
galvanizing. Oakite Products, Inc. 


1892. Chromium Chemicals 

Solvay Process Div. will send Bulletin 
52 describing chromium chemicals, in- 
ciuding mutual chromic acid, 99.75% pure 
or better. 


1893. Chromallizing 

Bulletin PS from Chromalloy Corp. dis- 
cusses chromallizing, a process of diffus- 
ing chromium with other elements into 
the surface of steel and other alloys for 
increased wear resistance. 


1894. Rubberized Abrasives 

Cratex Mfg. Co. has a catalog on rub- 
berized abrasives for micro-deburring, 
smoothing, cleaning and polishing. 


1895. Paint Stripping 

Bulletin F-7893 from Oakite Products, 
Inc. describes a paint stripper for remov- 
ing tough coatings—even epoxy finishes. 


1896. Degreasing Solution 
Hooker Chemical Corp. will send Bulle- 
tin 44A and Data Sheet 814 on “Nialk MD- 
ade” trichlorethylene—extra pure and 
ow in cost. 


1897. Conversion Coatings 

Allied Research Products, Inc. will send 
Technical Data Files covering their “Iri- 
dite” process chromate coversion coatings 
for aluminum and magnesium. 


1898. Phosphate Coatings 

Turco Products, Inc. has published a 
booklet which contains a phosphating 
reference chart and full details on 
“Paintite” conversion coating processes. 


1899. Vibratory Finishing 

Use vibratory finishing for cleaning, 
descaling, deburring, grinding, radiusing, 
fine finishing, coloring and burnishing. 
Send part with exact finishing specifica- 
tions for sample processing in Pangborn 
Laboratory. 


1900. Combating Corrosion 

Combat corrosion by using metals con- 
taining nickel. Send for publication No. 
A232 on “Corrosion Problems in Nuclear 
Reactor Power Stations”. International 
Nickel Co. 


1901. Barrel Finishing 

The Minnesota Mining and Mfg. Co. 
has published a booklet describing “Ho- 
nite” barrel finishing compounds, de- 
signed for all types of finishing opera- 
tions. 


Welding and Joining 
Equi pment 


1903. Hardsurfacing 
Hardsurfacing can be applied to “high- 
wear” new parts and can recondition 


worn equipment. Information from R. C. 
Mahon Co. 


1904. Fusing Welding 

27-p. report from Sciaky Bros. Inc., en- 
titled “A Pictorial Report of Develop- 
ments in Prec'se, Fully Automatic Fu- 
sion Welding Equipment”. 


1905. Electrode Data 

20-p. booklet gives information on arc 
welding electrodes, including specifica- 
tions, chemical requirements, and esti- 
mating electrode consumption. National 
Cylinder Gas Div. 


1906. Welding Hardenable Steels 

8-p. Bulletin SP-6A from Taylor Win- 
field Corp. describes the equipment and 
procedures recommended for spot weld- 
ing hardenable steels. 


1907. Plasma Spraying 

Folder entitled “Plasma Bond Spraying 
Service” describes applications and fab- 
rication techniques for metallic-ceramic 
coatings. Thermal Dynamics Corp. 


1908. Iron Powder Electrode 
Westinghouse Electric Corp. has infor- 
mation on “Zip-12” iron-powder elec- 
trodes designed for all types of structural 
and plate welding on wrought iron, low 
and medium-carbon steels, and cast stee!. 


1909. Silver Brazing 

Bulletin 20 describes silver brazing and 
its benefits . . . includes details on alloys, 
heating methods, joint design and pro- 
duction techniques. Handy and Harman. 


1910. Electron Beam Welding 
The NRC Equipment Corp. will send 


information on electron beam welding, to 
help solve your tough welding problems. 


1911. Brazing Furnaces 
Eight-page brochure features complete 
line of brazing furnaces from laboratory 
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ULTRA-LOW TEMPERATURE CABINETS” 


Seven Revco cabinets, both chest and 
upright styles, are available. Capacities 
range from 1.5 to 6 cu. ft. in chests and 
to 22 cu. ft. in uprights. Units provide 
temperatures to —140° F. control- 
lable within + 1°. Optional accessories 
are offered. Immediate delivery on 
all units. 

For your FREE copy of the helpful 
folder, “Selecting a low temperature 
cabinet,” write Revco, Dept. MP-110. 


Industrial Products Div., 


Deerfield, Michigan 


rends in Refrigerat ion Since 1 
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Two 36-KW Controlled 
Atmosphere Belt Conveyor 
Furnaces used to heat treat 

radio tube parts. 


© Belt Width —— 12" 
e Heating Chamber Length —— 36” 
e Variable Speed Drive —— 3’ to 24” per minute 


Drever controlled atmosphere type furnaces are available 
in many designs to suit applications where high quality surface 
and heat treating specifications are essential. Belt conveyor fur- 
naces are designed with and without muffles, electrically heated 
and/or fuel fired. 
Excellent temperature uniformities, with complete automatic 
temperature controls are maintained within narrow 
limits up to 2100°F. 


We will be glad to supply you 
with complete information 


RED LION RD. and PHILMONT AVE., BETHAYRES, PA. 


Engineering and Manufacturing Facilities Around the Worid 
through Associates in France, Great Britain, Germany, Italy and Japan 
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ovens to complex automatic giants. Pa- 
cific Scientific Co. 


1912. Flash | 

Booklet from Asea Electric Co. Inc. 
describes “Aseasvets” flash welding ma- 
chine, which gives perfect weids regard- 
less of operator skill. 


1913. “Welding News” 

Bimonthly publication of National Elec- 
tric Welding Machines Co., Vol. 12, No. 1, 
tells advantages of mash-seam welding 
for joining coil ends. 


1914. Brazing Alloys 

Vacuum melted brazing alloys can be 
used for bridging joint clearances up to 
0.060 in. and for increasing production. 
Information is available from General 
Electric Co. 


1915. AC Welder 

Miller Mfg. Co. will send information 
on “Model M295" welder. Welding amper- 
age ranges are 25 to 115 and 80 to 295 
amp. 
1916. Stainless Brazing 

Stainless furnace brazing produces 
brazed joints as strong as parent metal. 
Information on stainless brazing facilities 
from Wall-Colmonoy Corp. 


Inspection and Control 


1917. “Edgegraphing” 

16-p. data sheet explains Edgegraphing, 
a new technique for hand analysis of 
complex engineering data in 10, 20, or 
more variables. Statistical Engineering 
Institute. 


1918. Hardness Testing 
Reference book containing complete in- 
formation on hardness testing. Easy-to- 


1919. Testing of Metals 


Ten-page Bulletin M-2 from Instron 
Engineering Corp. covers all fields of pre- 
cision metals testing. 


1920. Stereophotomicrography 
The American Optical Co. will send in- 

formation on “Spencer 637” stereo-camera 

attachment for stereoscopic microscope. 


1921. Physical Testing 

To help solve your special problems in 
physical testing and save valuable time 
on vital — Riehle Testing Machines 
Div. will send three catalogs of interest. 


1922. Spectroscopy 

Pamphlet from Radio Corp. of America 
describes their horizontal goniomometer 
which performs six functions including 
counter-tube diffractometry. 


1923. Research Metallographs 

For routine work and advanced research 
Bausch and Lomb metallographs help in- 
dustry boost output and maintain quality. 
Catalog E-240. 


1924. Large Testing Machines 

Tinius Olsen Testing Machine Co. will 
send 12-p. brochure describing large test- 
ing machines. Capacities to 5,000,000 lb 
or more. 


1925. Laboratory Balances 

Burrell Corp. has published Bulletin 
No. 331 on “Ultramatic” laboratory bal- 
ances. Single pan design, easy to operate. 


1926. “Micrometallograph” 

E. Leitz, Inc. has literature covering 
their Micro-Metallograph “Model MM.” 
Metallurgical specimens may be viewed 
simultaneously on 30-in. projection screen 
as well as through binoculars. 


1927. Pyrometer Equipment 


eters —electronic potentiometers, milli- 


voltmeter, and radiation types. 


1928. Portable Hardness Tester 
Details from Barber-Colman Co. on 

“Impressor” portable hardness tester for 

rapid testing with no setup required. 


1929. Mounting Sensing Elements 

Norton Co. bulletin describes methods 
of temperature and _ strain 
measuring elements by means of “Rok- 
ide” ceramic spray coatings. 


1930. Magnetic Crack Detector 

Information from U.S. Casting Repair 
Corp. on their portable “Model S-20 Seal- 
Lock” magnetic crack detector. 


1931. Metallurgical Microscopes 
Catalog 2H covers complete line of 
metallurgical microscopes and accessories 
for research, industrial and educational 
applications. Unitron Instrument Co. 


1932. X-ray Diffraction 

Picker X-ray Corp. will send folder dis- 
cussing unique “Biplane Diffractometer”’ 
for X-ray diffraction analysis. Easier and 
faster to operate. 


1933. Metallographic Preparation 

William J. Hacker & Co. has pub- 
lished “Guide to Metallographic Prepara- 
tion” plus literature describing polishing 
and grinding equipment. 


1934. Portable Tensile Tester 
Detroit Testing Machine Co. has infor- 
mation on hand operated, portable ten- 
sile tester—4000 lb. capacity. Hydraulic 
bench models up to 40,000 lb. capacity. 


1935. Microsections 

High-quality microsections are pro- 
duced on a new unit with great saving 
of time to the operator. Fits low-speed 
olisher. Vol. 2, No. 1 of AB “Metal 


read text with many illustrations. Clark 
Instrument, Inc. 


Bristol offers complete data on pyrom- igest” from Buehler, Ltd. 


To request any item listed, circle appropriate number on Reply Card, p. 48B 


Industry’s 


NEWEST 
Production 


Sample 
Tube / 


@ ALMOST 100% SAFETY AGAINST GALLING 
AND SEIZING WITH ALL BEARING METAL 
COMBINATIONS 


@ ELIMINATES STICK-SLIP, METAL PICK-UP 
AND DISTORTION IN PRESS FITTING 


@ REDUCES WEAR-IN TIME AND DAMAGE IN 
NEW OR REBUILT MACHINERY 


@ THE HIGHER THE LOADS, THE GREATER THE 
MARGIN OF SUPERIORITY OF MOLYKOTE G 


Write for y 


126 


THE ALPHA-MOLYKOTE CORP. 
6S Harvard Stumtord, Conn. 
nple of your MOLYKOTE G 


Please send me 
| Lubricant 


NAME 


COMPANY 


Circle 2078 on Page 48-B 
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MOLYKOTE 


LUBRICANT 


free sample of MO 


today. We will also send a cop t abrasive scale of which is ordinarily death 


TOOL 


2,000,000 Swivel Washers to date from this 
die made of PRK33 COBALTCROM TOOL 
STEEL, with at least 12,000,000 expected 
for life of die by this prominent manufac- 
turer of Industrial bench, drafting board 
and desk lamps. Approximately 90,000 
washers are produced between grinds, with 
stock removal of .0002” to resharpen. 
Material blanked and formed is .012” Car- 
bon Spring Steel. 


PRK33 is equally efficient on thin gage and 


G LUBRICANT heavy gage stock, especially hot rolled, the 


COURTESY 
DAZOR MFG. CO. 
ST. LOUIS, MO. 
FREE LITERATURE AND EXPERT PERSONAL 
ATTENTION UPON REQUEST. 
CALL OR WRITE YOUR NEAREST WAREHOUSE. 


ESTABLISHED 1911 


on cutting edges. 


Tool Steel 

BUTLER, WIS. DETROIT, MICH. 
INDIANAPOLIS, IND. ST. LOUIS, MO. 
2945 W. HARRISON STREET pa 


EAGLE RIVER, MICH. 
TOLEDO, O. 
CHICAGO 12, ILL. 
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Munich. Germany and Strasbourg. France 


Unique General Alloys’ 


WROUGHT-CAST 


give consistent long life 


General Alloys’ combination Wrought-Cast Radi- 
ant Tube Assemblies give consistent long life be- 
cause they combine a cast return bend with straight 
tubes made from rolled and welded plate. 


This design utilizes the erosion resistance of the 
casting where it is most needed . . . at the return 
bend. The uniform wall section of the plate form- 
ing the straight tube, and its smooth interior surface, 
prevent “hot spots” and “carbon build-up” that are 
the prime causes of erratic tube life. 


General Alloys Company is unique as a major 
producer of both castings and fabrications and 
therefore can recommend, without bias, the type of 
construction best suited for your needs. 


For complete data, quotes, or engineering service 
contact the office nearest you . . . or write General 
Alloys Company, 401 West First Street, Boston 27, 
Massachusetts. 


Ask about how our tube repair service can save yo 


Lindberg Furnace Tube 
General Alloys is a 
Lindberg Licensee 


All Fabricated 


General Alloys Company also produces en- 
tirely cast, as well as entirely fabricated 
radiant tube assemblies, in all the heat resist- 
ing alloys for every purpose and in every size. 


GENERAL ALLOYS CO. 


the only producer of both heat resisting castings and fabrications 


National Engineering Service with offices and representatives in principal cities 


BAKER, La 
& Engineering Co. 

P.O. Box 176 
BALTIMORE, Maryland 

Emil Gathmann, Jr. 

413 North Charles Street 
Alabama 

Harry ouat Co. 
544 American Life Bldg. 


BUFFALO 23, New York 
General Alleys Company 
0. Bex 2395 


enera’ pany 
224 S. Michigan Ave. 


CLEVELAND 15, Ohio 
E. E. Whiteside 
2036 East 22nd Street 
DENVER 15, Colorado 
Tracy C. Jarrett 
P.O. Box 7697 


DETROIT 2, Michigan 
General Alloys Com 
3-147 General Motors 


joters Bidg. 


FORT WAYNE &, Indiana 
The George 0. Desautels 
2906 Broadway 

3, Texas 

Wm. E. Brice Co. 
303 Bastrop St. 
8, Indiana 
The Geor, Desautels 
2302 N. Meridian Street 


LOS ANGELES, Calif. 
National Furnace Ce., Inc. 
5251 Tweedy 
South Gate, Califernia 
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LOUISVILLE Kentucky 
The George 0. Desautels Co. 
4003 ‘Avenue 


MUNCIE, indiana 
The Geo . Desautels Co, 
405 Wyser B 


NEW ENGLAND 
David L. Ellis 
Hayward Mill Road 
West Concord, Mass. 


NEW YORK 7, New Yors 
General Alloys Ce. 
50 Church Street 
PHILADELPHIA 20, Pa. 
General Alloys Co. 
P.O. Box 2714 
PITTSBURGH 15, Pa. 
Vineent C. Leatherby 
104 Fourth 
Sharpsburg. 


ST. LOUIS 16, 
Associated Steel Mills, Inc. 
. Box 1986, Meramec Station 
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1936. Hardness Testers 

Bulletin CRS60 discusses complete line 
of motorized “Kentrall” hardness testers 
for accurate, rapid testing. Torsion Bal- 
ance Co. 


1937. Portable Testers 

The King Tester Corp. will send liter- 
ature on portable hardness testers which 
can a any size, shape or thickness of 
metal. 


1938. Rockwell Testers 

Catalog RT58 gives complete details on 
full line of “Wilson” hardness testing 
equipment. Wilson Mechanical Instru- 
ment Div. 


1939. X-Ray Inspection 

Lebanon Steel Foundry has published 
a bulletin on X-ray inspection of steel 
castings, which includes requirements 
for various classes of X-ray specifications. 


1940. Control Instruments 

4-p. catalog No. G-100 discusses elec- 
tronic devices for measuring, indicating, 
recording and controlling dimensional 
change. Measurement Control Devices. 


1941. Strain Indicator 

Folder No. 360 describes “Model HW-1” 
portable strain indicator, which reduces 
strain gage setup time 30 to 50%. Strain- 
sert Co. 
1942. Gamma 

Flyer from Radionics Inc, discusses 
“Model 60-1000 Gammatron” with a ca- 
pacity of over 3000 curies of cobalt-60. 


Production and Casting 


1944. Shaft Seals 

Cartriseal Corp. has 32-p. booklet illus- 
trating complete line of rotating shaft 
seals — cartridge, grommet, boot, bellows, 


labyrinth, and “O-Ring types. 


1945. Foundry Binders 

12-p. booklet on binders and sand addi- 
tives will be sent by Corn Products Div. 
Properties and applications information 
included. 


1946. Plaster Mold Casting 
Well-illustrated 20-p. booklet presents 
facts on precision casting by plaster-mold 
technique. Process and product data in- 
cluded. Ohio Precision Castings, Inc. 


1947. Block Insulation 

12-p. catalog from Johns Manville pre- 
sents data on “Superex”’ yee and block 
insulation for service to 1900° F. 


1948. “Notes on Strenes Metal” 


Periodical contains information on duc- 
tile iron, gray iron, and “Strenes” metal 
castings and techniques. Data from Ad- 
vance Foundry Co. 


1949. Vacuum Pumps 

Learn the reasons why you can get 
more per dollar 
with “Series icrovac” vacuum pumps. 
Information and free vacuum slide cal- 
culator from F. J. Stokes Corp. 


1950. Precision Casting 

56-p. booklet discusses “Shaw Process” 
precision ceramic casting in the foundry 
and toolmaking industries. Shaw Process 
Development Corp. 


1951. Vacuum Induction Furnaces 
Asea Electric Inc. will send folder on 
vacuum induction furnaces for meltin 
steel—to improve fatigue strength an 
raise yield point. 
1952. Master Alloys 
WaiMet Alloys Co. will furnish infor- 
mation on “R.Met” alloy line — castin 
alloys, welding rod, master alloys, an 
forging billets. 


1953. Anhydrous Ammonia 

Data on anhydrous ammonia for N,-H, 
protective atmospheres in annealing 
nickel alloys, electrical steels, Be-copper, 
Si-copper; also other hardening and braz- 
ing applications. Allied Chemical Co. 


1954. “Vacuum Micronicle” 

A periodical containing details on mak- 
ing products better with high-vacuum 
equipment — available from NRC Equip- 
ment Corp. 


1955. Pure Ammonia 

Armour Industrial Chemical Co. will 
furnish blueprints and engineering rec- 
ommendations on cylinder and storage 
tank installations for 99.98% pure an- 
hydrous ammonia. 


1956. Electrolytic Manganese 

Specification Sheet F20-151 gives data 
on “Elmang,” a high-purity addition to 
steel, copper, or aluminum. Union Car- 
bide Metals Co. 


1957. Selective Plating 
Brochure from Sifco Metachemical, Inc. 
on selective plating with the “Dalic” 
rocess for building up worn surfaces or 
or fitting bearings to close tolerances. 


1958. Vacuum Furnaces 

The Kinney Vacuum Div. will send in- 
formation on high-vacuum furnaces for 
producing pure metals. 


1959. Mixing Equipment 

Bulletin B-521 presents information on 
“Lightnin” mixers for open and closed 
tanks. Size range from % to 3 hp. Mixing 
Equipment Co. Inc. 


1960. “CO,” Cores 

8-p. brochure on flash curing of foundry 
molds and cores with carbon dioxide 
explains the process and details the 
advantages. Pure Carbonic Co. 


To request any item listed, circle appropriate number on Reply Card, p. 48B 


Continuous Conveyor Type 
ALUMINUM BILLET HEATING FURNACES 


One of two furnaces installed ot Harvey Aluminum, Torrance, 


California, heats 2500 pounds of al billets per hour 
to 1000° F. Furnace is six feet wide and incorporates an auto- 
matically operated, direct gas fired recirculating heating system. 
Temperature uniformity guaranteed. 


Ask for Bulletin HT-53. 


20800 CENTER RIDGE RD. CLEVELAND ‘6, 


OTHER PRODUCTS: Core & Mold Ovens * Rod Bakers + Paint and Ceramic 
Orying Ovens + Special Processing Equipment & Accessories 
Circle 2081 on Page 48-8 


NOVEMBER 1960 


ZIRCONIUM 
OXIDE 
CRUCIBLES 


High Purity, 
High Temperature Melting 
APPLICATIONS: 

Nuclear Metals 

High Temperature Alloys 

Precious Metals 

Special Glasses 
FEATURES: 

Non-wetting by Most Molten 

Metals 
Chemically Inert 
Excellent Thermal Shock 
Resistance 

Low Thermal Conductivity 
Quality Crucibles, Both Heavy 
Duty and Laboratory Types 
Available in Standard Sizes from 
6 ml to 50 Ib 
Zirconium Oxides have a service 
temperature over 4000°F in vac- 
uum. inert or oxidizing atmos- 
pheres. They can be used in in- 
duction, resistance or gas fired 


urnaces Write for prices and technical information. 


Ram Mixes @ Tubes @ Wash Coating @ Heat Shields @ Brick 
Pouring Nozzles @ Custom Shapes @ Crucibles 
Setter Plates @ Kiln Furniture 


CORPORATION 
OF AMERICA — 


31501 Solon Road, Solon, Ohio 
West Coast Rep. - W. P. Keith Co., Santa Fe Springs, Calif. 
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Are your plant operations HAMPERED 
by a shortage of TRAINED METALS MEN? 


The American Society for Metals, recognizing the urgent need for suitably 
trained metals men, established the Metals Engineering Institute in 1954. Since 
then the ASM Metals Engineering Institute, through its specialized home-study 
courses not available elsewhere, has trained thousands of men in fields which 
were, and still are, desperately short of skilled technicians. The MEI can train 
those special men in your plant who have the ability and background but who lack 
the fundamental understanding of metals behavior and specific knowledge of the 
newest discoveries in metallurgy and related subjects. Your plant can benefit from 
their new knowledge. Look over this list of beginning and advanced courses. 
Write today for specific information as it relates to your problem, or for our 
brochure explaining the MEI in-plant training program. 


Courses Available Now: 


Elements of Metallurgy Gray Iron Foundry 
Heat Treatment of Stee! Practice 
High Temperature Metals Oxy-Acetylene Welding 


Titanium Steel Foundry Practice 
Copper, Brass and Bronze Recovery of Lead and Zinc 
Steel Plant Pr 

Tool Steels 

Arc Welding Ferrous Metallurgy 

Blast Furnace Operations Corrosion 

Metals for Nuclear Power Principles of Machining 
Stainless Steels Fundamentals of Welding 
Electroplating and Metal and Joining 


Finishing Principles of Heat Treating 


METALS 
ENGINEERING INSTITUTE 


division of American Society for Metals, a non-profit 
organization and world’s largest publisher of technical 
metals books. 


METALS PARK, NOVELTY, OHIO 
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Please send me home-study information. 


Name 


Company 


Address. 


City 


Title 


P-110 


1961. Nodular Iron 

8-p. Brochure No. 47 from Meehanite 
Metal Corp. gives specifications and ap- 
plications of nodular iron. 


1962. Sintering Furnaces 

Bulletin 4-25 from Consolidated Vac- 
uum Corp. discusses induction furnaces 
for sintering in vacuum up to 3000°C. 


1963. Fire Brick 

“HW23LI” insulated fire brick is resis- 
tant to industrial gases found in con- 
trolled atmosphere furnaces. Specific in- 
formation available from Harbison- 
Walker Refractories Co. 


1964. Wire Cloth 

Ninety-four page catalog from Cam- 
bridge Wire Cloth Co. describes complete 
line of industrial wire cloths 


1965. Industrial Concrete 

Universal Atlas Cement Div. will send 
more information on industrial concretes 
for protecting blast furnace “hot spots”. 


1966. Manganese Additions 

Carbon, silicon, and other impurities 
never get to the melt when you use pure 
“electromanganese additions Bulletin 
201 from Foote Mineral Co. 


1967. Platinum Products 

Catalog No. 5 from J. Bishop & Co. 
describes complete line of platinum 
products and chemicals. 


1968. “No-Bake” Cores 

16-p. brochure presents information on 
“Kold-Kure” no-bake process for prep- 
aration of sand molds and cores used 
in iron and steel casting operations. G. E. 
Smith, Inc. 
1969. Vacuum Coating 

28-p. Bulletin 2-2 from Consolidated 
Vacuum Corp. describes vacuum coating 
applications and equipment. Both metals 
and nonmetals can be coated without de- 
pendence on electrical conductivity. 


1970. Cleaning of Castings 

Dual purpose core knock-out and blast 
cleaning equipment for the foundry is 
discussed in brochure issued by Wheela- 
brator Corp. 


1971. Exothermic Ferrocolumbium 

Folder details advantages of “Vancoram 
Thermocol”, an exothermic ferrocolum- 
bium addition to carbon and _ stainless 
steels and high-temperature alloys. Vana- 
dium Corp. of America. 


Parts, Forms, Shapes 


1972. Press Parts 
Bulletin EP11 presents information on 
precision parts for extrusion presses. 
Specialty Steels, Inc. 


1974. Aircraft Fastener Standards 

Rapid identification of 160 standard 
aerospace fasteners—by configuration: 
by NAS, AN, MS specification number: 
and by generic name — is provided in a 
10-p. reference listing published by 
Standard Pressed Steel Co. 


1975. “Powder Metallurgy” 
Quarterly publication of the Metal 
Powder Industries Federation (spring- 


summer 1960) features case histories of 
electrical applications for powder metal- 
lurgy parts. 


1976. Steel Belts 

Folder from Prab Conveyors, Inc. 
presents advantages of “Multi-Flex”’ flat 
top steel belts which have the flexibility 
of rubber belts, but have positive drive 
and wheeled-track construction 


1977. Contour Rolled Stock 


D. E. Makepeace Div. will send litera- 
ture on contour rolled stock held to 
dimensions as close as 0.001 in. Can be 
made from any cold-workable material. 
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Now...a low-cost 


Nitride-Bonded 
Silicon Carbide! 


29 


Now, the best-performing silicon carbide 
refractory is available at a realistic price! Brand- 
new CRYSTOLON “63” permits the use of a cost- 
saving nitride-bonded silicon carbide refractory 
for hundreds of applications. 


Produced by an exclusive Norton process, 
CRYSTOLON ‘‘63”’ silicon carbide provides all the 
superior properties of nitride-bonded silicon car- 
bide at a new low cost! It has high thermal 

: .. conductivity, excellent heat shock and wear 
resistance, and good resistance to most corrosive 
liquids. In extensive tests, it not only showed 
excellent resistance to ‘“‘wetting’’ by molten non- 
-—, ferrous metals (aluminum, magnesium, zinc, lead 
and others) but also to fused salts, such as 

cryolite! 

CRYSTOLON ‘‘63” refractories can well mean a 
vast improvement in many of today’s metal melt- 
ing and transfer operations . . . new efficiency and 
economy throughout operations such as yours. Get 
complete details now! Write NORTON COMPANY, 
Refractories Division, 3830 New Bond Street, 
Worcester 6, Massachusetts. 


*Trade-Mark Reg. U.S. Pat. Off. and Foreign Countries 


REFRACTORIES 


Engineered... ...Prescribed 


75 years of 
Making better products 
...to make your products better 


NORTON PRODUCTS: Abrasives + Grinding Wheels + Machine Tools + Refractories + Electro-Chemicals — BEHR-MANNING DIVISION: Coated Abrasives + Sharpening Stones + Pressure Sensitive Tapes 
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Steels and irons with 
“vitality”’ to spare...start with Vancoram Ferrovanadium 


It takes only a small amount of Vancoram Ferrovanadium to impart extra strength and extra durability to a 
wide variety of steels and irons. Ferrovanadium controls grain size, improves hardenability, and is especially 
useful in tool and die steels because it provides excellent cutting and wearing characteristics. Constructional 
steels, deep-drawing steels, and cast and forged steels also benefit from Vancoram Ferrovanadium additions. 


In cast irons, Ferrovanadium promotes formation of small, uniform graphite flakes, thus increasing tensile 
strength. Furthermore, the presence of vanadium carbide improves resistance to structural changes at elevated 
temperatures. Write for literature, or call your nearest VCA District Office. Vanadium Corporation of America, 
420 Lexington Avenue, New York 17, N. Y. - Chicago - Cleveland - Detroit - Pittsburgh. 


Vancoram Products are also distributed by: Pacific Metals Co., Ltd. « Steel Sales Corporation - 
J. M. Tull Metal and Supply Co., Inc. - Whitehead Metals, Inc. - Williams and Company, Inc. 


VANADIUM 
CORPORATION OF AMERICA 


Producers of alloys, metais and chemicals 
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American Society for Metals 
and Metal Progress serve 
32,000 member-readers in 11 
major areas of the metals 
industry. 


The ASM is the communications center for technical information 


wherever metals are produced, pr d, fabricated, designed, | 


tested and applied. Metal Progress, monthly engineering maga- 


zine of the Society, reports on engineering developments in these | 


11 major technological areas: 


FERROUS METALS: Alloy, Carbon, Free Machining, Stainless Steels, Hot 
and Cold Finished Bars. 


NONFERROUS METALS: Aluminum, Beryllium, Brass, Bronze, Columbi- 


um, Copper, Lead, Magnesium, Molybdenum, Monel, Nickel, Rare | 


Earths, Tantalum, Titanium, Tungsten, Zinc, Zirconium. 


HEAT- AND CORROSION-RESISTANT AND ELECTRICAL MATERIALS: 
Special Alloys; Carbon, Graphite; Ceramics, Cermets, Thermal In- 
sulating and Special Electrical Materials. 


RADIATION AND NUCLEAR MATERIALS & EQUIPMENT: Metallic and 
Non Metallic Reactor Materials, Fuel Elements, Pressure Vessels, 
Control Elements, Related Equipment. 


TOOL MATERIALS, CUTTING AND FORMING EQUIPMENT: Abrasives; 


Carbides; Coolants, Oils and Lubricants; Arc and Gas Cutting | 


Equipment, Saws; Forging, Pressing, Extruding, Chemical Milling, 
Slitting, Straightening, Spinning and Explosive Forming Equip- 
ment; Tool and Die Steels, Plastic and Other Short-Run Die Ma- 
terials. 


INDUSTRIAL HEATING EQUIPMENT AND SUPPLIES: Atmosphere Gener- 
ators and Gases; Commercial Services; Furnaces; Controls, Indi- 
cators and Recorders; Induction, Flame and Salt Bath Equipment; 


Ovens; Cryogenic Equipment; Pyrometers; Quenches; Samplers | 


and Analyzers; Trays, Refractory Parts. 


CLEANING AND FINISHING EQUIPMENT AND SUPPLIES: Alkaline | 


Cleaning, Pickling, Degreasing, Descaling, Buffing, Polishing, 
Blasting, Plating; Porcelain Enameling, Purifying; Painting Equip- 
ment and Supplies; Rust Preventives; Abrasives. 


WELDING AND JOINING EQUIPMENT AND SUPPLIES: Gas, Resistance 


and Arc Welding Equipment and Supplies; Electrodes; Adhesives, | 


Fasteners; Hard Surfacing, Brazing and Soldering Equipment and 
Supplies. 


INSPECTION AND CONTROL EQUIPMENT AND SUPPLIES: Microscopes 
and Attachments; Analytical and Mechanical Equipment; Gages, 
Comparators, Hardness Testers, Nondestructive, Electronic and 
Other Scientific Inspection Equipment. 


PRODUCTION AND CASTING EQUIPMENT AND SUPPLIES: Electric and 
Vacuum Furnaces and Equipment; Refractories; Ferro Alloys; 
Foundry Irons and Coke; Rare Earths; Alloying and Refining 
Agents; A ling, Soaki ond Sintering Furnaces; Rolling 


Equipment; Industrial Gases; Foundry Equipment and Supplies. 


PARTS, FORMS AND SHAPES FOR DESIGN AND APPLICATIONS: Cast- | 


ings (Malleable, Gray Iron, Steel, Nonferrous), Forgings, Extru- 


sions, Powder Metal Parts, Springs, Stampings, Tubing, Weld- | 


ments, Wire. 
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able from a scrutinized and up-to-date 


More Facts on Advertised Products. 
New Products and Services are num- 
bered. Circle the postcard for more 
Reprints of Articles are yours for the 
asking as long as they last. No need 
to clip your Metal Progress issue for 
reference filing; send for reprints. 
Please Include Your Name and Address! 


Because some advertisements cannot 
be numbered, please write the names 


Catalogs and Bulletins are avail- 
list of manufacturers’ literature, con- 
Engineering Areas. 

of those advertisers 


information. 


are numbered. To receive more information, 
provided. 


circle the appropriate numbers on one of these 
postage paid cards. Editorial reprints will be 


Reader Service Information 
Convenient, Prepaid Cards 
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In METALLOGRAPHS... 
the trend is to UNITRON! 


What do you look for when choosing a metallograph? All of the 
popular mokes are precision instruments, are reasonably versatile 
and, to a varying degree, are easy to operate. But, except for 
UNITRON, all have the bulk of an office desk or optical bench and 
are tagged with a price that puts a substantial dent in the laboratory 
budget. UNITRON, and only UNITRON, offers a completely equipped 
metallograph in a compact and self-contained unit, taking only 
9” x 12” of table space, which duplicates the performance of large 
cumbersome instruments — and at a price which is hardly more than 
the usual cost of a conventional metallurgical microscope. 


Unlike the case with most metallographs, an adding machine is not 
required to compute its cost. Coated optics supplied as standard 
equipment include 5 objectives, 4 photographic eyepieces and 3 
pairs of visual eyepieces. These give a magnification range of 
25X-2000X. Also included in the purchase price are the built-in 
3%" x 4%" camera and viewing screen; high-intensity illuminator 
for vertical, oblique, and transmitted light; variable transformer with 
both voltmeter and ammeter; accessories for transparent specimens; 
polarizing apparatus; filters; film holders; stage clips; cabinets etc. 
Optional extra accessories include Polaroid Land, 35mm. and movie 
camera attachments; low power (5X-40X) objectives for macro work; 
vacuum heating stage for temperatures to 1100°C and long working- 
distance 40X objective; ASTM Austenite grain size viewing screen 
and eyepieces; filar micrometer eyepiece; and additional optics. 


Such a combination of features, versatility, convenience, and value is 
indeed unique with UNITRON. Little wonder then, that more and more 
laboratories are choosing UNITRON . . . from the large organization 
adding another metallograph to its equipment, to the small company 
buying an instrument for the first time. 


FREE 10 DAY TRIAL e R O 
UNITRON’s Metallograph and Universal Camera Microscope 


Model BU-11 with binocular eyepiece; objectives: M5X, M10X, 


ASX, MI F COMPANY * MICROSCOPE SALES DIV. 
M40X, 40X for transmitted light, 100X oil immersion; paired ' 66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS. 
visual eyepieces: R5X, KelOX Micrometer, Kel5X; photo eye- i 


pieces: 10X, 15X, 20X, Micrometer; etc., as described above. Please rush UNITRON’s Microscope Catalog 2-1 


Monocular Model U-11 
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IRON-CONSTANTAN TYPE J 
DEGREES FAHRENHEIT 
MULTIPLY BY 100 
PART NO. $2000.19 


WHEELCO “DOUBLE-O” 


Behind this dial, Wheelco presents a new instrument line at 
industry’s most attractive price . . . the Double-O Models Recording and 
Indicating Controllers. Wheelco has integrated the most popular and the 
same famous Wheelco quality features into one full-size (not a miniature) 
electronic potentiometer controller line. And now, a volume production 
savings is passed on to you. Write today for complete details. 


Wheelco Instruments Division 


BARBER-COLMAN COMPANY 


_ Dept. K, 1518 Rock Street, Rockford, Illinois, U.S.A. 
BARBER-COLMAN of CANADA Ltd., Dept.K Toronto & Montreal « Export Agent: Ad Auriema, Inc., N.Y. 


THE 
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One of the largest vacuum arc remelt furnaces in 
the country—the first of four to be installed—is 
now in operation at Standard Steel Works Division 
of Baldwin-Lima-Hamilton Corp. This new facil- 
ity, together with electric melting furnace and vac- 
uum degassing equipment acquired recently, now 
makes it possible for Standard to deliver “labora- 
tory-quality”’ steels in production quantity. 


Standard is now capable of producing vacuum 


BURNHAM, PENNSYLVANIA 


SPECIAL QUALITY STEELS AVAILABLE AT STANDARD 


Standard Steel Works Division 


BALDWIN - LIMA: HAMILTON 


Rings Shafts Car wheels Gear blanks Flanges Special shapes 


Circle 2087 on Page 48-B 


a> 


remelt quality ingots, up to 30-inch diameter, in 
all of the super-strength steels and special alloys re- 
quiring exceptional quality. Standard continues to 
offer superior service and superior materials to 
American industry. We especially welcome forging 
and ring inquiries for tools, missiles, turbines, 
bearings and similar applications for 
super-strength, heat-resistant, corrosion-resistant 


and other special alloys. 
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O how to degrease more parts per dollar of cleaning cost 


Every time they needed more vapor-degreasing solvent, the drum was empty, it seemed. 
At first it didn’t bother them much. Then, suddenly, they realized what was happening to 
their degreasing costs. 
The solvent wasn’t lasting as long as it should between bath cleanouts. That’s why they had to 
use so much of it. Worst of all, every time a bath went sour they had to pull the degreaser off the 
line. That’s where the real expense was lurking: in slowed-up production. 


PSP TO THE RESCUE They solved the puzzle—with a degreasing solvent that can't 
wear out prematurely. It has permanent staying power—psp—because it’s protected by a stabilizer 
that doesn’t get used up during degreasing. 

You stand a good chance of getting lower metal-cleaning cost with this solvent, too. It’s called 
Nialk TRICHLOR. You don’t have to add fresh stabilizer to it. Even when you distill the solvent, it 
remains stable. Even the vapor is stabilized. And you use less solvent, because less goes down 
the drain in unnecessary cleanouts. 

Interested in finding out what you can save with this better trichlorethylene? Your Nialk 
TRICHLOR distributor can give you swift service on the quantity you need. Call him today. 


NEW 36-PAGE BULLETIN explains fully how you get more and better! _ 
vapor degreasing for your money with Nialk TricHLOR. Shows basic types of vapor| 
degreasers. Discusses cycles, operating procedures, stabilizers, causes of solvent | 
contamination, solvent recovery, trouble shooting. Ask your distributor for a copy, 
or write us. 


Nialk® TRICHLOR, a product of 


411 UNION STREET, NIAGARA FALLS, NEW YORK 


Sales Offices: Buffalo Chicago Detroit Los Angeles New York Niagora Falls Philadelphia Tocomo, 
Worcester, Mass. In Canada; Hooker Chemicals Limited, North Vancouver, B. C. 
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This 500-ton hydraulically operated 
press built by Birdsboro Steel 
Foundry & Machine Company, 
Birdsboro, Pa., and featuring 
Republic ELECTRUNITE Hydraulic 
Fluid Line Tubing, is used by a lead- 
ing research center for deep draw- 
ing, extruding, or planishing metals. 


a | REPUBLIC DIE-FORM CUTS PRODUCTION COSTS. Ford Tractor Power Take-Off 

| Counter-Shaft costs less to produce using a Republic Die-Form Blank, as compared 
to previous materials. Because Republic Die-Form Blanks closely approximate 
the completed part, they minimize required machining and reduce handling 
costs. In addition, the nature of the Die-Form Process improves machinability of 
any given analysis, permitting further savings through use of higher speeds and 
feeds. Photo below shows a Die-Form Blank and the completed shaft as featured 
in the Ford Tractor. Write for Die-Form Folder ADV-746. 


REPUBLIC CAP SCREWS PROTECT SHAKER SCREEN PERFORMANCE. Sorting and 
sizing ton after ton of jolting, jarring, abrasive moterial is all in a day's work for ‘ 
Ty-Rock Vibrating Screens, built by The W. S. Tyler Company, Cleveland, Ohio. 
Satisfactory performance under these brutal conditions not only requires design 
and manufacturing skill, but a thorough knowledge of materials. Maximum per- 
formance under all operating conditions is typical of Republic's complete line 
of top-quality Cap Screws. Send coupon for data. 


Stubborn resistance to fatigue... 


REPUBLIC ELECTRUNITE 
HYDRAULIC FLUID LINE TUBING 


Machine tool builders and operators depend upon 
Republic ELECTRUNITE® Hydraulic Fluid Line Tubing 
for stubborn resistance to fatigue. Reason is the 
consistent uniformity of concentricity and mechanical 
properties of ELECTRUNITE welded steel tubing— 
characteristics that make this tube better able to with- 
stand the vibrations of rapid multiple cycling. 

This uniform concentricity —inherent in the 
ELECTRUNITE process—coupled with uniform heat 
treatment, insures uniform flaring characteristics. Uni- 
form ductility assures easy bending. Both mean savings 
in original and in replacement installations. 


You can recognize this best of all hydraulic line 
tubing by the blue spiral marking stenciled end-to-end 
on every length. It is your assurance of genuine 
ELECTRUNITE quality. The spiral marked tube is 
available in all sizes shown in JIC Standards, and is 
produced in a wider size range to Specification HL-1, 
which meets all JIC Standards test requirements. 

Get all the facts. Discover how Republic ELECTRUNITE 
Hydraulic Fluid Line Tubing can substantially reduce 
maintenance costs in the most complicated installa- 
tions. Call your Republic representative, or send 
coupon for additional information. 


REPUBLIC WEDGE-LOCK PARTS STORAGE UNITS cre easy to load and unload from 
either side. And, the heavier the load, the tighter the grip, because patented 
Wedge-Lock construction includes a post that will not buckle, a concealed sway- 
proof joint, and a reinforced shelf that does not sag. Unlimited shelf arrange- 
ments. Capable of exceptionally high stacking. Republic Storage Engineering 


specialists will help you plan. Call your Republic representative today. 
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REPUBLIC STEEL 
World Whites Rouge 
Of Staudlard, Stools anal Stok 


REPUBLIC STEEL CORPORATION 
DEPT. MP -9532 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


O Republic Die-Form—Folder ADV-746 
O Republic Cap Screws 


Please send more information on the following products: 
O Republic ELECTRUNITE Hydraulic Fluid Line Tubing 


O) Wedge-Lock Storage Units 


Name Title 
Firm 

Address 

City Zone. State 
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SOAKING. These Bristol Dynamaster* instruments moni- 
tor soaking pit operation in new, multi-million-dollar aluminum 
fabricating plant of Anaconda Aluminum Company at Terre 
Haute, Indiana. Staff engineer analyzes record. 


em 


HEAT TREATING. Anaconda staff engineer checks 
temperature records, produced by Bristol Dynamaster instru- 
ments, for vertical extrusion heat-treating tower, part of which 
is shown at left. 


ANNEALING. Dynamaster* instruments here control 
and record annealing furnace temperatures in new Anaconda 
Aluminum plant. Over 11144 acres under one roof, the new 
plant produces aluminum sheets, extrusions, tubes and ingots. 


AGING. Dynamaster instrument panel at left controls and 
records temperatures in aging furnaces in new Anaconda Alu- 
minum Company plant. Furnace operator at right is moving 
rack car into furnace. 


BRISTOL INSTRUMENTS 
FOR THE METAL INDUSTRY 


The key to higher quality, more uniform production, greater efficiency 


Bristol offers pyrometers for every requirement: 
Electronic potentiometers (including miniature 
models), millivoltmeter and radiation types... for 
furnaces, ovens...every type of heating equipment, 
every kind of fuel. 

Bristol Dynamaster* electronic potentiometer 
pyrometers, service-tested and proved in thousands 
of industrial plant installations, fully measure up 
to the requirements of today’s most advanced steel 
and metal-working plants. Check these modern 
features: 

1. Continuous standardization —eliminates usual 


standardizing mechanism and dry cell...no inter- 
ruption to control. 

2. Simple, modular design — few moving parts. 

3. Easy to use and service —minimum maintenance. 
4. Rugged construction— continued accuracy and 
reliability under tough conditions. 

Write for complete data—and remember, Bristol 
markets a complete line of pyrometer accessories 
available for fast delivery to keep your plant in 
operation. The Bristol] Company, 106 Bristo! Road, 
Waterbury 20, Conn. *T.M. Reg. U.S. Pat. Of. o8 


OL ...for improved production through measurement and control 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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. « « news about "Electromet" ferroalloys and metals 


NOVEMBER, 1960 


AN EFFICIENT BLOCK -=- Why is silicomanganese the most popular blocking 
alloy in the steel industry today? It dissolves 50 per cent faster than separate 
Silicon and manganese additions, giving faster blocks and shorter blocking times. 
Its low-carbon content allows higher tapping carbons, reducing furnace time and 

: also aiding steel cleanliness. Since silicomanganese is a more powerful deoxidizer 
than straight silicon blocks, it gives tighter blocks that last longer. Finally, 
Silicomanganese provides low-cost silicon and manganese, reducing blocking costs 

- to a minimun. 


BETTER CONTROL, TOO! == Results of hundreds of open-hearth production 
heats show that a silicomanganese block gives better control of carbon content and 
alloy additions. Off-grade heats for carbon and manganese have been shown to be 
lowest for silicomanganese compared to a pig ferrosilicon or a 50 per cent ferro- 
Silicon block. Also, silicomanganese gave a higher manganese recovery than other 
blocks when all thegmanganese was added to the furnace. For details, write for the 
article, "Silicomanganese Improves Blocking Performance," in the Fall 1960 issue 

of UNION CARBIDE METALS REVIEW. 


LOWER COSTS FOR STAINLESS STEEL -- Another manganese-silicon alloy -- 
ferromanganese-silicon -- is saving stainless steel producers thousands of dollars 
per year. Used for slag reduction and manganese additions, ferromanganese-silicon 
is replacing other low-carbon manganese sources. Savings per ton: $0.75 to $1.75 
for type 300 stainless grades and $4 to $9 for type 200 grades. Some stainless 
producers have also found that ferromanganese-silicon produces cleaner steels. 
Write for F-20,093 for further information. 
* 


* 


* 


BUILDING BIGGER MARKETS -= "Your man's practically a member of my staff," 
a president of a steel firm said of one of UCM's market development specialists. 
These men work with steel producers to develop new markets and expand old ones. 
Primarily, they promote the use of stainless steel and titanium (including castings) 
in transportation, architecture, process industries, and consumer goods. More 
details can be obtained by writing for the article, "Men, Metals, and Markets," 

in the Spring 1960 issue of UNION CARBIDE METALS REVIEW. 


PRODUCTS WITH A SPLIT PERSONALITY -- Several "Electromet" alloys and 
metals are used in both metals and chemicals. Silicon metal -- an important alloy 
in aluminum and copper -- is a key raw material for silicones. Vanadium oxide -- 
used in tool and constructional steels -- is a catalyst in the production of adipic 
acid, sulfuric acid, maleic anhydride, and phthalic anhydride. It also gives 
special colors to glass and ceramics. Finally, "Elmang" electrolytic manganese -- 
high-purity manganese for stainless steel, deep-drawing steels, copper and aluminum 
-- is a catalyst for adipic, terephthalic, and acetic acids. Write for the article, 
"Products with a Split Personality," in the Spring issue of UNION CARBIDE METALS 


REVIEW. 


* 


UNION CARBIDE METALS COMPANY, Division of Union Carbide Corporation, 
270 Park Ave., New York 17, N. Y. In Canada: Union Carbide Canada Ltd., Toronto. 


"Elmang," "Electromet," and "Union Carbide" are registered trade marks of Union Carbide Corporation. 


GAGES — Superior wear resistance and other 
unique cost-saving advantages are exhibited by 
plug, ring, air, and specialty gages treated by 


AIRCRAFT VALVES 


Bearing surfaces of hot air valves used in the 
bleed air system of Lockheed’s F-104A Star- 
fighter must meet extreme conditions of wear 
and abrasion, also conditions of high unit 
loading and temperature extremes. Flame- 
Plating these surfaces with tungsten carbide 
solves the problem. 


ALUMINUM ROCKER ARMS 


One side of the “fin” of this important item 
in an aircraft engine heater mechanism actu- 
ates a lever and is subjected to severe wear. 
Before Flame-Plating, it lasted from 100 to 
300 hours. Coating the wearing surface with 
tungsten carbide boosted service life to more 
than 1000 hours. 


LINDE’s Flame-Plating. For example, Flame- 
Plated plug gages outwear solid carbide plug gages 
3-to-1, and hard chrome-plated gages 20-to-1. 


SEWING MACHINE FEED DOGS 


LINDE’s Flame-Plating has increased by more 
than six times the service life of the movable, 
serrated part that pushes material through 
the sewing machine. In this application, a 
-002-in. coating of tungsten carbide in as- 
coated condition provides both long wear and 
dependable gripping. 


METAL PROGRESS 


J 
9 
: 
4 
/ 
d 
58 


Gages and other components achieve remarkable 
resistance to wear when coated with tungsten 

. carbide and other materials by LINDE’s 
6,000-degree, supersonic “‘weld-on” process... 


NOW — many of the profit-consuming problems of metal wear and machine 
down-time have been eliminated. 

With LINDE’s Flame-Plating, gages, spindles, bushings, seals, mandrils, 
dies, core rods and other precision parts and components retain their preci- 
sion and close tolerances for the longest period of time —under the toughest 
conditions of abrasion, erosion, corrosion, and high-temperature wear. 

LINDE’s exclusive service coats base metals with particles of ultra-hard 
materials, such as tungsten carbide and aluminum oxide—heated to plasticity 
by 6,000 degrees F. inside the Flame-Plating gun and then successively 
“fired” at 2,500 fps at the “target area.” 

The result is a tenacious, “welded-on” coating of approximately 125 micro- 
inches rms, which can be finished to the desired microinches rms. 


NO WARPAGE—NO METALLURGICAL CHANGES 


Despite the 6,000-degree temperature within the Flame-Plating gun, the tem- 
perature of the precision part or product being coated remains below 250 
degrees F. This feature eliminates distortion and changes in the properties of 
base metals. Other features include low coefficient of friction and porosity of 
less than | per cent. 

Wherever continuing precision and optimum wear are important factors, 
LINDE’s revolutionary Flame-Plating gives amazingly longer service life . . . 
reduces production rejects . . . increases salvage value. 

Find out how this coating service offered by the Linde Company can save 
on operating costs, make a good product even better, and improve over-all 
reliability. LINDE will provide a complete engineering analysis. List your pos- 
sible applications in the coupon on the right and mail today for complete 
information. 


LINDE 
COMPANY 


Division of Union Carbide Corporation 


LINDE and UNION CARBIDE 
are trade-marks of Union Carbide Corporation. 


UNION 
CARBIDE 
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TYPICAL 
FLAME-PLATING 
APPLICATIONS 


BEARINGS — sleeve, roller, gas 

BLADES — aircraft turbine; doctor 
blades for papermaking 

BLOCKS — anvil 

BUSHINGS — bal! piston pump 

CHUCKS — seaming 

CUTLERY — household 

CUTTING, INDUSTRIAL — rubber, 
plastic, skiving knives, foods, 
paper, slitter knives, chipper 
knives, discontinuous 
chip-abrasive materials 

DIES, TOOLING —cold-forming; coring 
punches, core rods, sizing 
punches, capstans 

DOGS — sewing machine feed; 
gripping dogs 

DRILLS — paper, acoustical tile, twist 

GAGES — plug, ring, air 

GUIDES — wire, textile, machine 

HYDRAULICS — pistons, liners, valve 
plates, wobble plates, metering 
valves, servo valves, slippers 

MANDRILS — wire-forming 

PARTS — sintered 

PISTON RINGS 

PLATES — valve, wear 

SEALS — turbine engine, pump 

SURGICAL —needie holders and shears 

VALVES — aircraft 


Linde Company, Flame-Plating 
270 Park Avenue 
New York 17, New York 


I am interested in Flame-Plating for the 
following application(s): 


NAME TITLE. 
COMPANY. 

ADDRESS 

CITY ZONE__STATE____ 


LONGEST SERVICE LIFE with 
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Uranton melting on a production basis is accomplished by this Stokes 
induction melting furnace at Atomics International. Designed for safety and 
convenience, the furnace is serviced from the top and features a removable 
bottom section to facilitate handling of cast materials. 


furnace will be in brazing anid welling alley 


First acid open hearth, vacuum stream ladle degassed, air-pouring of 
multiple ingots in the U. S. took place at Ohio Steel Foundry in Stokes 
equipment. Results showed low hydrogen values, good inclusion reduction 
and excellent physical property improvement. 


i 
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CUSTOM APPROACH TO YOUR 
UNACCUSTOMED PROBLEMS... 


a Stokes specialty in vacuum metallurgy 


Staffed and equipped to undertake projects 
which contain unusual problems, Stokes offers 
the most comprehensive background of vac- 
uum metallurgical experience and know-how 
available today. Stokes is geared to tackle 
even the most complex assignments .. . 
assignments for which the application of high 
vacuum is the only practical solution. 


New vacuum methods and techniques—first intro- 
duced by Stokes—are helping to capitalize on more 
and more opportunities in the metallurgical field. 
These advances are helping industry break through 
old bottlenecks . . . while reducing operating costs. 
In the nuclear field, for example, Stokes equipment 
has been used to develop new methods for plutonium 
melting and casting, uranium melting on a produc- 
tion basis, and radioactive materials handling. In 
metal refining, hydrogen embrittlement is being 
reduced with the aid of Stokes vacuum stream 
degassing equipment. In melting, heat treating, 


sintering and brazing . . . and in vacuum metallizing 
of thin and heavy coatings for decorative and func- 
tional applications . . . Stokes leads the field in 
new developments. 


Advantages that take the guesswork out of opera- 
tions . . . and brighten profit potential are inherent 
in Stokes equipment. For instance, we have demon- 
strated our capability in supplying a complete turn- 
key installation—erected, tested and delivered in 
operation. And our stocked components mean faster 
delivery, fewer costly holdups. All Stokes systems 
are offered complete . . . Stokes is your single source 
of responsibility for performance and reliability both 
before and after the sale. 


Let Stokes put its unique experience and facilities to 
work on your problems. Our Engineering Advisory 
Service will help you in planning and designing 
an installation that will best serve your exact 
requirements. And whatever those needs are, 
the inherent flexibility of Stokes design concepts 
is assurance 

that they will 

be satisfied. 


Vacuum Metallurgical Division 


F. J. STOKES CORPORATION ¢ 5500 TABOR ROAD, PHILADELPHIA 20, PA. 


At Misco Precision Casting Co., semi-continuous vacuum melting and casting 
are being accomplished in two Stokes induction furnaces. Successive 
charges of the metal are introduced into the vacuum chamber from the out- 
side, loaded into the crucible, melted, poured, and the cast pieces (in their 
molds) removed from the chamber . . . without breaking the vacuum, 


Vacuum equipment capable of brazing panels in excess of 50 sq. ft. is 
being used in pilot operation by Grumman Aircraft Engineering Corpo- 
ration to fabricate structures for the “Eagle” air-to-air missile. The Stokes 
equipment employs a new procedure which eliminates expensive and 
time-consuming welded “envelopes” to enclose the work. And high 
vacuum eliminates the need for costly inert gas. 
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Blast Cleaning 


(one of a series) 


Twin-table Rotoblast hurls 50 tons of 


Here’s why the Pangborn Rotoblast “LM” Table 
Room doubled the capacity of the cleaning depart- 
ment at Harrison Steel Castings Co., Attica, Ind. 


Inside the “LM” Table Room two Rotoblast 
Wheels throw 100,000 lbs. of abrasive at the cast- 
ings every hour. This is blast power at its best. The 
abrasive hurled in a pattern designed to clean 
thoroughly every spot on every casting, even on 
bulky pieces up to 8’ in diameter. 


During the cleaning process, castings rest on a 
rotating work table which increases the efficiency 
of the blast pattern. While one table is in the 
machine, its twin is being loaded outside. This 
makes for quick, continuous operation. 


The tables are accessible from all sides (an exclu- 
sive Pangborn feature). They handle easily and can 
be pushed by hand with little effort. In the loading 
process, their weight is supported by a stationary 
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floor pedestal—rather than door hinges—for long 
life and trouble-free operation. 


If the Pangborn “LM” Table Room has doubled 
the capacity of Harrison’s cleaning department, it 
can do the same at your plant. For complete infor- 
mation write to: PANGBORN CoRPORATION, 1800 
Pangborn Boulevard, Hagerstown, Maryland. 
Manufacturers of Blast Cleaning and Dust Control 
Equipment—Rotoblast* Steel Shot and Grit. ® 
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shot per hour... cleans twice as fast! 


Let Rotoblast abrasives cut your cleaning costs. 


A special heat treating process makes Rotoblast Steel Shot 
and Grit solid and tough, so that they can stand up to 
much more punishment than ordinary abrasives. Since 
they last longer, they can make many more passes than 
run-of-the-mill abrasives. Rotoblast Steel Shot & Grit can 
reduce your abrasive replacement costs considerably, and 
thereby decrease your cleaning costs. 
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improved ways 
with Heliarc service from Ryerson Steel 


This ultimate in stainless shape cutting 
is another Ryerson plus service. Ask 
about this service when the following 
advantages are important to you: 


Clean edges free of powder contam- 
] ination—and even smoother than 
hack-sawed edges. 


y) Easier finishing because edge hard- 
ening is minimized. 


Substantially less carbide precipita- 
tion (loss of corrosion resistance) 
than with any other flame cutting 
process. 


Machining greatly reduced or elim- 
inated—edges ready for welding or 
finishing. 


Distortion and discoloration held to 
a minimum 


STEEL*ALUMINUM PLASTICS METALWORKING MACHINERY 
RYERSON STEEL 


Joseph T. Ryerson & Son, Inc., Member of the S LAND Steel Family 


PLANT SERVICE CENTERS: BOSTON + BUFFALO + CHARLOTTE + CHICAGO « CINCINNATI + CLEVELAND » DALLAS « DETROIT + HOUSTON » INDIANAPOLIS 
LOS ANGELES + MILWAUKEE + NEW YORK + PHILADELPHIA * PITTSBURGH + ST. LOUIS + SAN FRANCISCO + SEATTLE + SPOKANE » WALLINGFORD 
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Fluid Bed Marks New The company’s work with the medium has also 
Gain in Heat Treating emphasized its importance as a quenchant. Boeing 
engineers assert that the fluid bed system is equal 
to or superior to water and oil baths. Small metal 
parts quenched in a fluid bed from 1600° F. cooled 
The introduction of a furnace which uses the to about 200° F. in 5 sec., a quenching speed ob- 
principle of the fluidized bed signifies an im- tained because of the absence of a vapor phase 
portant advance in heat. treating. Unveiled last which forms on metal parts when they are 
month at the Metal Show by General Electric’s ; 
Industrial Heating Dept., Shelbyville, Ind., the 
new furnace takes advantage of the high heat trans- 
fer that can be obtained from refractory particles 
suspended as a turbulent cloud in a fluid. 
he principle of the fluidized bed is simple: 
A fluid, either gaseous or liquid, is passed up 
through a layer of solid particles at such a rate 
that the particles are lifted and set into violent 
motion without being blown from their container. 
What engineers at G.E. did was to contain the 
bed in an insulated jacket and supply a source of 
heat to the whirling cloud of particles. The result 
is a medium in which heat transfer between the 
primary heat source (electric heating elements or 
radiant tubes) or part and the bed of particles 
ranges from 70 to 130 Btu. per hr. per sq.ft. per °F., 
some 7 to 10 times higher than that obtained from 
convection alone. Another advantage is that high 
turbulence eliminates temperature gradients. 
Fluid bed furnaces are not just laboratory toys 
but are emerging as real production tools. Boeing 
Airplane Co. in Seattle, for example, has recently Fium Bep FurNACE AT BOEING 
placed a unit in a production line (see photo). New Medium Provides High Heat Transfer 
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quenched in liquid baths. Boeing's experience has 
also shown that a wide temperature range from 
over 2000 to below —110° F. is feasible. (An ar- 
ticle in a subsequent issue of Metal Progress will 
tell about Boeing’s experience with the fluidized 
bed furnace for heat treating production parts. ) 


Belt Grinding Takes Role 
in Precision Finishing 


Since 1935 when the first belt grinding machine 
made its appearance, coated abrasive belts have 
come a long way towards becoming a precision tool 
in the metals industry. Now, new machines (pic- 
ture) capable of holding thickness variations across 
steel strip to no more than 0.0005 in. have been 
announced. This represents the culmination of 
eight years of work among engineers of Hill Acme 
Co., Cleveland; Behr-Manning Co., Troy, N.Y.; and 
Wallingford Steel Co., Wallingford, Conn. 

Unique characteristic of the precision belt grind- 
er is its ability to remove the crown from hot rolled 
strip. This is the ridge of extra thickness running 
along the longitudinal axis of the strip. It averages 
about 3% of the total thickness of the strip and is 
not removed by cold rolling. For most applica- 
tions the few thousandths of an inch of extra metal 
involved is insignificant, but to weight-conscious 
engineers in aircraft and missiles it means excess 
weight which robs the payload. As an example, 
removing only 0.001 in. of metal from 100,000 
sq.ft. of aircraft skin saves over 400 Ib. 

To meet the close tolerances demanded by the 
aircraft industry, Wallingford runs hot rolled strip 
(mostly stainless steel up to 0.240 in. thick) 
through a tandem setup of precision belt grinders 
before cold rolling it to desired thickness. Strip 
comes off a pay-off reel under 30,000 Ib. tension, 
travels under a break roll which guides it at an 
angle (up to 20° from horizontal) between a ver- 
tical belt grinder and a steel billy roll which is hy- 
draulically actuated to force the strip up against 
the belt. During grinding the belt is lubricated by 
a flood of sulphur-chlorinated mineral oil pumped 
in at 65 gal. per min. Contaminated lubricant 
drops to a 4000-gal. reservoir and filtration system. 


PRECISION BELT GRINDERS 
Thickness Variation in Steel Strip Held 
to +0.0005 In. 


Belts used in the machine are 30 in. wide by 
126 in. For close tolerance work aluminum oxide 
or silicon carbide bonded with resin to X-weight 
backing cloth are used. These are driven by 
knurled steel rolls operating at 2100 surface ft. per 
min. The scratch pattern is removed by at least 
60% reduction in thickness during subsequent cold 
rolling. Serrated rubber rolls ranging from 45 to 
90 Durometer are installed in the machines where 
good surface finishes are the primary requisite. 


Survey Predicts Bright 
Future for Stainless Stee! 


If the results of a recent market study hold true, 
it will mean that sales of stainless steel in the 
United States will exceed 1,000,000 tons per year 
by 1967, an increase of 87% over 1957. 

The study, which surveys the market potential 
for stainless steel, is being carried out by Inter- 
national Nickel Co., Inc., New York. Of the 20 
reports to be made on fields such as automotive, 
aircraft, chemical industry and _ metalworking 
equipment, two have already been released. These 
cover the outlook for stainless steels in appliances, 
utensils and cutlery and in food processing ma- 
chinery. Total sales in these areas are expected to 
reach almost 120,000 tons annually by 1967, 76.- 
000 tons of stainless steel in appliances, utensils 
and cutlery and 43,000 tons in food processing 
machinery. 

Where will all the nickel come from? Some 75 
million pounds annually are expected to be taken 
from Inco’s new mine in Manitoba, Canada. De- 
scribed as the second biggest nickel mine in the 
world, it will open in 1961. 


Aluminum Applied to Steel 
by Vapor Deposition 


Researchers at Wright Air Development Div. ot 
the Air Force’s Air Research and Development 
Command are coating steel with vapor-deposited 
aluminum. Significance of the process is that it 
opens the way for using complex steel shapes and 
fasteners in oxidizing environments at 500 to 1000° 
F. and reduces the danger of galvanic corrosion. 

In the process, vaporized tri-isobutyl aluminum 
decomposes at 500° F. to cover steel parts sus- 
pended in the vapor with a layer of high-purity 
aluminum. Bond strength of the coating is good. 
In one test a sample was heated to 1000° F. for 1 
hr. and quenched in cold water. There was no 
flaking. 


More Interest in 
Direct Iron Processes 

Judging from the recent conference of the Amer- 
ican Iron and Steel Engineers held in Cleveland, 


steelmakers in this country are becoming more in- 
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terested in direct iron processing. For example, 
news of the new Dwight-Lloyd McWane process 
was coupled with the information that M. W. Kel- 
logg Co. will erect a 300,000-ton-per-year plant in 
Mexico City based on the HyL process, and that a 
plant employing the H-Iron process is being built 
on the West Coast for Bethlehem Steel Co. 

The Dwight-Lloyd McWane method, reported to 
be capable of 500 tons a day, ties together two fa- 
miliar steelmaking appliances, the Dwight-Llovd 
sintering machine and the electric furnace. It is a 
continuous process which starts with powdered 
ore, coal, and limestone. These three ingredients 
are thoroughly mixed and agglomerated — water 
is the binder —into small, moist pellets. After 
these peliets are dried and sintered in the D-L 
machine, they are dumped through the roof of a 
As the 
iron forms, the furnace is tapped periodically. Iron 
can be pigged or used as hot metal for the open- 
hearth. The equipment can also be adjusted to 
produce white cast iron, gray cast iron, silvery pig 
Won or ferro-alloy 

The HyL method for direct reduction requires 
(Full details of op- 
eration can be found in Metal Progress, January 
1960.) Since Mexico has much cheap natural Fas, 
In fact 
it was the achievements with the 200 and 500-ton- 
per-day plants at Monterrey that led to Hojalata \ 
Lamina’s decision to build the 300,000-ton-per-day 
mill at Mexico City Iron supplied by the HyL 
method will be processed by electric furnaces, a 


continuously operating electric furnace. 


large amounts of natural gas 


the system has proven economical there 


continuous slab and billet casting plant and a roll- 


ing mill. 

A large pilot plant for the H-iron process is being 
built by Bethlehem Steel Co. in Los Angeles. The 
installation, which reduces iron ore with drv hydro- 
gen, is expected to produce iron briquettes at the 
rate of 100 tons per day. According to Hydro- 
New York, which designs 
and builds plants using the process, the main ad- 
Instead, the 
hydrogen for reduction is obtained from gas or oil, 
both of which are easily obtainable in Southern 
California 


carbon Research, Ine.. 


vantage is that coke is not needed. 


Quartz-Tube Furnaces 
Aid Missile Research 


Quartz infrared tubes now used in office copying 
machines, heat lamps, and industrial baking and 
drying operations are proving useful in simulating 
thermal conditions which are encountered by mis- 
siles passing through the atmosphere. High tem- 
peratures can be reached in furnaces made up of 
an array of quartz tubes in a cylindrical radiator. 
Tests have been run at over 3100° F. (see picture, 
above); the potential limit is apparently governed 
by the melting point of the tungsten filament (about 
6100° F.). 

Lamps in use now can take about 200 watts per 
in. and have been operated at overvoltages up to 
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1000 watts per in. for short periods. Work is being 
done on tubes which will operate at 360 watts 
per in., or 1500 watts per in. for a few seconds. 


Uses for 
Depleted Uranium 


The gaseous diffusion plants of the U. S. Atomic 
Energy Commission are continually making as a 
byproduct a considerable amount of “depleted” 
uranium — that is, natural metal which has been 
stripped of a major portion of the active U*** iso- 
tope. The remaining stable U?** exists in the form 
of a volatile fluoride and all of the fluorine can be 
separated and reused. It is low enough in radio- 
activity and toxicity so that remote handling is un- 
necessary. 

Uses suggested for such metal are for radiation 
shields, X-ray targets, counter weights, reducing 
agents for molten metals, an alloying constituent in 
commercial steels, and for cathodic protection de- 
vices. Uranium oxide has an important use as a 
ceramic pigment, and has potential as a refractory. 
Present production exceeds consumption many 


fold. 


Cold Working Improves 
Powder Metal Compacts 


Very fine metal powders, especially those with 
oxidized surfaces, are difficult to press into coher- 
ent compacts and then to sinter into dense parts. 
Workers for the French Atomic Energy Commission 
find that this can be corrected if the powders are 
previously deformed by cold work, as by passing 
between two rolls driven at slightly different speed. 
This appears to shear or fragment the particles or 
to deform them enough so the oxidized layer is 
fragmented. The operation of compacting in dies, 
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immediately following, will force into contact those 
areas where metal is bared, and “cold welding” 
will occur under the pressure. Using this tech- 
nique, the apparent density of compacts made from 
lamellar aluminum powder has been increased 
from 0.45 to between 0.75 and 1.0. 


Materiais Progress 
in Graphite and Ceramics 


Demands for materials capable of holding up at 
temperatures experienced in missile motors and 
high-performance aircraft are leading researchers 
to take a closer look at graphite. One of the most 
recent findings is a way to produce strong graphite 
by recrystallization. Announced by National Car- 
bon Co., the process produces graphite which has 
a more uniform and compact structure than arti- 
ficially produced varieties. Density of recrystal- 
lized graphite, like that of natural and pyrolytic 
graphite, approaches the theoretical value of 2.26 
g. per cc. Cylinders 8 in. in diameter and 10 in. 
long have been made. 

Properties of recrystallized graphite can be var- 
ied. Grain orientation, for example, can be con- 
trolled so that a set of properties suited for a par- 
ticular high-temperature application is obtained. 
Flexural strength of the recrystallized material is 
about 6000 psi. at room temperature. As temper- 
ature goes up, strength increases, a characteristic 
of all artificially produced graphite. At 4500° F. 
it is about 12,000 psi. And, because of its low 
creep rate, recrystallized graphite is useful up to 
about 5500° F. 

Another outcome of research in ceramics is a ma- 
terial which is expected to find structural applica- 
tions in the process industries. Announced by the 
Pfaudler Co., the ceramic (called Nucerite) is 
chemically bonded to steel or heat resistant alloys 
such as Inconel and Hastelloy. Laboratory tests 
reveal that it can take more stress without deform- 
ing than mild steel, can protect molybdenum from 
oxidation at 1600° F. in an oxy-acetylene flame, its 
resistance to damage from thermal shock is 3 to 4 


New Ceramic Coatinc Resists Impact 
Bonded to Metal, It Makes Good Structural 
Material 
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times that of existing glass-coated metals, its impact 
strength is better than safety plate glass by about 
18 times (photo), and heat transfer is 6 to 10 times 
greater than ceramics now used in high-tempera- 
ture service in corrosive environments. 


From Here and There 


Panels for interior and exterior architectural uses 
are being made by bonding Type 302 stainless steel 
sheet, 0.016 and 0.018 in. thick, to various core ma- 
terials. Produced by Mirawal Div. of Birdsboro 
Corp. in Birdsboro, Pa., they range from 11/16 to 
3 in. thick in 4 x 10 ft. sections. Biggest market 
is expected in exterior of buildings but the panels 
should also prove useful in the interiors of hos- 
pitals, schools and municipal buildings and in the 
food and chemical industries. 


Jones & Laughlin Steel Corp., Pittsburgh, an- 
nounces three constructional steels which reach 
typical yield strengths of about 92,000, 107,000 
and 114,400 psi. when quenched and tempered. 
They can be welded without preheat, preferably 
with low-hydrogen electrodes. Also introduced 
were two abrasion resistant grades which can be 
heat treated to a Brinell hardness of 340 to 380 and 
400 (min.), respectively. 


Some $96,000 worth of Zircaloy tubes were 
shipped to Canadian General Electric Co. recently 
for Canada’s first nuclear power station—a 20- 
megawatt prototype. Made by Chase Brass & 
Copper Co., each of the tubes are 14 ft. long and 
weigh 72 Ib. They were extruded from copper- 
coated zirconium billets. 


Bellows expansion joints are now being made 
from titanium for a chemical processing application 
by Tube Turns Div. of Chemetron Corp., Louis- 
ville, Ky. The 18-in. joints will be used in a steam 
line. High chloride content of the steam had 
caused stress-corrosion cracking in stainless steel 
bellows which were formerly installed, thus limiting 
their life to about 30 days. 


Silicon May Not Cause 
Decarburization 


It may be a mistake to assume that silicon accel- 
erates decarburization in medium-carbon alloy 
steels, a suspicion long held by heat treaters. In 
next month’s Metal Progress, Peter Payson will offer 
data in his article “Does Silicon Accelerate Decar- 
burization?” to show that what has been mistaken 
for decarburization is actually a separation of fer- 
rite from austenite on cooling. Extra molybdenum 
or chromium increases hardenability to overcome 
this tendency. 
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By the EDITORS 


Metals engineers, look out! The ceramist 
is breathing down your neck. Long regarded 
as nothing more than a maker of pottery and 
glass, the ceramics engineer is devising some 
extremely interesting rivals to metals. And 
guess how he has been doing this? By apply- 
ing techniques the research metallurgist has 
used for years. For instance, single metallic 
crystals have inspired the ceramist to grow 
single crystals of his own. So we now have 
ductile ceramics — for example, single crystals 
of magnesium oxide. 

This particular item of information is only 
a small part of a very interesting report (p. 88) 
of a recent conference on “engineering cer- 
amics”. Written by W. W. Austin of North 
Carolina State College, this report discusses 
the use of familiar metallurgical tests (tensile, 
microhardness, fatigue and the like) for study- 
ing ceramics, and the application of grain- 
boundary phenomena for devising new formu- 
lations. New ceramics are coming along in a 
constant flow, and some of them are superior to 
metals in ultra-high-temperature applications. 

It is interesting to note that Dr. Austin’s 
report ties in with another article along similar 
lines. In a recent issue of the Research Labora- 
tory Bulletin, published by General Electric 
Co., J. E. Burke, manager of the ceramics 
studies section in G.E.’s Metallurgy and Cer- 
amics Dept., discussed a number of advances 
in “the new science of ceramics”. To quote: 
“These new materials have special properties 
needed for applications in nuclear energy, 
electronics, jet engines, rockets, and other new 
technologies. Some examples are uranium 
dioxide as a reactor fuel; aluminum oxide and 
graphite for high-temperature structural pur- 
poses; heavily doped magnetite as a magnetic 
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Critical Points 


Modern Ceramics: 


Ally of Modern Metals 


core for high-frequency transformers; radiation- 
resistant glasses; and ceramic-metal composite 
cutting tools.” He goes on to say that the new 
approach to the study of ceramics, since it 
requires knowledge of the chemical and struc- 
tural variations responsible for changes in 
properties and behavior, has led to the name 
“physical ceramics”, paralleling physical metal- 
lurgy. Researchers in this new field have come 
up with whiskers of aluminum oxide which 
withstand over 1,000,000 psi. stress. Glass 
fibers which resist a pull of several hundred 
thousand pounds per square inch have also 
been produced. 

According to Dr. Burke, “The greatest need 
is for precise measurements of the behavior of 
carefully characterized materials since 
small changes in composition or structure can 
produce striking changes in properties.” This 
particular problem, of course, has been faced 
by metallurgists ever since they first realized 
that, when the composition of steel changed 
slightly, properties of the steel changed appre- 
ciably. (In other words, instead of wearing, 
a high-phosphorus rail would break.) It seems 
that metallurgical engineering will set the 
standards for the “materials engineering of the 
future” about which we hear so much these 
days for the needs of defense and industry. 
After all, it’s the metallurgist who has been 
trained to think inherently of properties of 
material in relation to their composition, micro- 
structure and atomic architecture. Now, with 
the ceramist as a companion, we may look 
forward to an ever increasing flow of materials 
designed to meet the needs of this demanding 
area. Separately, the metallurgist and the 
ceramist are each highly talented; in combina- 
tion they can accomplish wonders. S$ 
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How to Fabricate 


Progress in High-Temperature Materials 


or THE MOsT IMPORTANT FACTORS in 

the advancement of supersonic aircraft design 

One of the newest has been the development of alloys that retain 

of the superalloys, high strength and oxidation resistance at ele- 

this nickel-base alloy vated temperatures. The newest production 
can retain high strength alloy of this type is René 41*. A nickel-base 
above 1400° F. Details austenitic alloy which is age hardenable, it gets 
on heat treating, welding its high-temperature strength from an_ inter- 
and brazing are given. metallic precipitate of a complex nickel-alumi- 
(J27, K-general; Ni-b, SGA-h) num-titanium compound. René 41 has become 
a popular jet engine material because of its 

superior strength and oxidation resistance at 


*Trademark of the General Electric Co. A typi- 
cal analysis is 0.08% C, 0.50% Fe, 19.00% Cr, 
11.00% Co, 9.75% Mo, 3.15% Ti, 1.50% Al, 0.006% 
B, remainder Ni. 
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Fig. 1— Yield Strength Comparisons 
of Various Sheet Alloys. The yield 
strength is determined at 0.2% offset 


Table I — Hardness Requirements for René 41 


200 400 600 800 1200 


1600 
Temperature, °F. 


Fig. 2— Effect of Heat Treatment on Yield 
Strength and Stress-Rupture Properties. For 
best tensile strength (A), solution treat at 
1950° F., air cool to room temperature, and 
age at 1400° F. For best stress-rupture prop- 
erties (B), solution treat at 2150° F., cool to 
room temperature, and age 4 hr. at 1650° F. 


ANNEALED: 1975° F., Or, OR WATER QUENCH 
Sheet and strip (0.070 in. and under) 
Sheet, strip and plate (0.071 in. and over) 
Bar. forgings and flash welded rings 


Rockwell C-27 max. 
Rockwell C-30 max. 
Brinell 321 max. 


René 41 


By LOUIS A. WEISENBERG 


1950° F. solution, 1400° F. age 
2150° F. 


Heat TREATED 
Rockwell C-35 min. 


solution, 1650° F. age Rockwell C-30 min. 


and ROBERT J. MORRIS* 


operating temperatures. The yield strength at 
1400” F. is over 110,000 psi., and at 1200° F. is 
at least 25% above that of many other super- 
alloys (Fig. 1). On a strength-to-weight basis, 
an important aircraft design criterion, René 41 
is also excellent. The coefficient of thermal ex- 
pansion is about one-third less than the 18-8 
austenitic stainless steels, and is slightly higher 
than that of ferritic alloys such as Type 410 
stainless steel. 

Two heat treatments have been devised for 


*Mr. Weisenberg is metallurgical design spe- 
cialist, jet engine department, Flight Propulsion 
Div., General Electric Co., Cincinnati, Ohio; Mr. 
Morris, formerly with G.E., is now with Interna- 
tional Nickel Co., Inc., in Dayton, Ohio. 
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Rene 41, the one to be used depending on 
whether the particular design calls for tensile 
strength or stress-rupture strength. For maxi- 
mum tensile properties, solution treat at 
1950° F. for 30 min., air cool to room tempera- 
ture, and follow by a 1400°F. 16-hr. aging 
cycle. However, if optimum stress-rupture 
properties are desired, solution treat at 2150° F. 
for 30 min., air cool, and end with a 1650° F. 
4-hr. age. Comparative properties for each 
treatment are presented in Fig. 2. 

To keep the alloy soft for subsequent form- 
ing and welding operations, solution treat at 
1975° F., and quench rapidly in oil or water. 
Table I lists the maximum Rockwell hardness 
values that our specification B 50-T 59 allows 
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Fig. 3 — Isothermal Phase Reactions in René 41. 
Bar stock specimens were initially treated at 
2200° F. and water quenched. After aging at 
the times and temperatures indicated, phases 
were extracted and examined by X-ray diffraction 


for mill annealed René 41; hardness mini- 
mums for each heat treatment are also given. 


Microstructure 


René 41 is quite typical of the precipitation 
hardening, nickel-base class of alloys in some 
respects. All of them derive their high-tempera- 
ture strengths primarily from intermetallic 
compounds dispersed in a f.c.c. matrix of 


nickel-rich solid solution. In this alloy, the 
Ni;(Al, Ti), or gamma prime (y’) phase, forms 
as the alloy is aged. The amount, particle size, 
and distribution account for the high strength 
levels from room temperature to well over 


72 


1400° F. This y’ can form as low as 1100° F. 
(especially in cold worked regions ), but is most 
prevalent from 1400 to 1850° F. (Fig. 3). Par- 
ticle size increases with temperature of forma- 
tion, and the y’ dissolves completely at about 
1925° F. 

The rate of y’ precipitation is extremely rapid 
at 1400°F. (15 points Rockwell C_ increase 
within 2 min.). For this reason, the alloy must 
be quenched from the annealing temperature 
within seconds to prevent y' from precipitating. 
The 1975° F. annealing temperature is slightly 
higher than the 1950° F. solution temperature; 
this aids mill quenching of large sheets and in- 
sures successful softening. When René 41 is 
air cooled from either 1950° F. (the solution 
temperature for best tensile strength) or 
2150° F. (the solution temperature for best 
stress-rupture properties), the hardness will 
probably be greater than Rockwell C-30. 

Other significant phase reactions involve the 
two carbides, Mo,;Cg and M,C, the latter of 
which is the stable carbide at higher tempera- 
tures. The working operations involved in 
producing the various mill forms of René 41 
result in a uniform, fine-grained material with 
relatively small, discrete particles of MgC dis- 
persed throughout the structure. The 1975° F. 
mill anneal, the 1950° F. solution, and 1400° F. 
age merely dissolve and precipitate the y’ phase; 
the M,C carbide is not disturbed since it is 
not dissolved at these temperatures. 

If the alloy is heated to about 2150° F., the 
M,C dissolves and grain growth occurs. When 
the alloy is then reheated (as it would be in 
any subsequent heat treatment operation ), the 
carbon will precipitate quickly at lower tem- 
peratures (1400 to 1550°F.) as M.,C,y. This 
is totally undesirable because this new carbide 
will form continuous grain-boundary films 
around the new large grains. A metal of lower 
ductility results. Hence, the heat treatment 
which has hardened and strengthened the alloy 
(by precipitating y’ within the grains) has 
simultaneously produced a brittle grain-bound- 
ary network. (We learned about this condition 
when some highly restrained parts were welded 
of alloy annealed at 2150°F.; they cracked 
badly with subsequent heat treatment. ) 

To summarize briefly, the 1975° F. water 
quench treatment anneals or softens René 41 
by dissolving the y’. The M¢C is not dissolved 
and a fine grain is retained. The 1950° F. + 
1400° F. treatment promotes maximum tensile 
strength; rupture properties will be lower due 
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to small grain size (A.S.T.M. 5 to 7). The 
2150° F. + 1650° F. cycle develops optimum 
stress-rupture properties because of MgC 
solution (with subsequent precipitation as 
Mes;Ce) and grain growth (A.S.T.M. 1 to 3). 
This results in somewhat lower tensile proper- 
ties. Hence, the heat treatment is tailored to 
suit the particular application involved. 


Welding Is Tricky 


In welding René 41, assemblies which are 
consistently sound can only be made by using 
the proper welding procedures. Recommenda- 
tions are as follows: 

* Material must be properly annealed before 
welding. 

* Good fit-up is absolutely necessary. 

© Copper and argon backing should be used 
whenever possible. 

* Gas coverage on both sides is mandatory 
on all butt joints. 

* Joint edges should be ground to remove 
burrs before welding. 

* Control of arc length and current is helpful 
for minimum heat input. 

* Automatic welding is preferred to manual 
welding. 

Because the alloy has only a small tolerance 
for variations, any careless welding will prob- 
ably result in cracks during welding or sub- 
sequent heat treatment. However, once the 
proper precautions are established, the alloy 
can be welded on a production basis in a 
routine manner. 

The molten weld metal must be protected 
trom atmospheric contamination; this cannot 
be too strongly emphasized. Fillet welds on 
sheet stock less than 0.030 in. should be both 
metal and gas backed; otherwise cracks or 
“burn-through” will occur. Butt joints that are 
not gas covered on both sides will show an 
oxide line at the root of the weld bead. 

Though René 41 filler wire is available, it 
is not essential for high-strength joints. The 
best filler material for “low”-temperature appli- 
cations (to 1400°F.) has been Hastelloy W 
above 1400°F., Hastelloy X is better. The 
latter alloy is necessary at the higher tempera- 
tures because its higher chromium (22% instead 
of 5%) gives better oxidation resistance. A 
comprehensive evaluation of various fillers 
showed that butt joints welded with Hastelloy 
W and Hastelloy X had 80 to 85% of the 
strength of the parent metal, along with good 
ductility as measured by tensile tests from room 
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pee experience in fabrication of René 
41 may be summarized as follows: 

1. René 41 must be in the 1975° F. mill an- 
nealed condition prior to forming or welding. 

2. Welding on cold worked parts should be 
avoided. Any necessary in-process anneals 
should be a 1975° F. treatment followed by a 
rapid quench. 

3. Strain age cracking can be avoided by 
charging welded components into a hot furnace 
(1970° F. minimum) to reach the solution 
temperature as rapidly as possible. This mini- 
mizes the time in the aging range. 

4. Weld designs and procedures that mini- 
mize weld restraint and heat input are most 
important for the consistent fabrication of good 
parts. 

5. The preferred inert arc filler materials for 
high-strength weldments are Hastelloy W and 
Hastelloy X. 


temperature to 1600° F. This apparent anomaly 
of weaker materials (Hastelloy W and X) show- 
ing high joint strengths is easily explained; dur- 
ing welding they melt, flow readily, and are 
strengthened by dilution with the René 41. 
Many other filler materials do not possess these 
desirable characteristics. 

Welding aged René 41 is virtually impos- 
sible. The surest and cheapest way to build a 
part which will have the strength capabilities 
inherent in the alloy is to do it right the first 
time. If any major cracks appear after aging, 
the part will have to be annealed prior to repair 
welding. 

The proper weld design can make it much 
easier to manufacture parts of René 41. Where 
it is possible, the design should avoid welds 
that result in high residual stresses due to weld 
shrinkage or “built-in” notches that could be 
sites for fatigue failures to start. Figure 4 
shows acceptable weld designs for René 41. 
These features may result in slightly more 
weight or increased machining, or both. How- 
ever, quality cannot be consistently maintained 
without incorporating them into the design. 


Brazing Also a Problem 


The brazing of René 41 also offers difficulties 
because most high-temperature brazing alloys 
are nickel-base materials which contain boron 
or silicon, or both. They severely attack the 
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Desirable Alternate 


Fig. 4— Acceptable Weld Designs for René 41 


alloy intergranularly. Silver brazes do not at- 
tack René 41, but they are limited to low tem- 
peratures (600° F.). This would seriously limit 
the applications of the alloy. René 41 must be 
brazed in a dry hydrogen atmosphere or in a 
vacuum to prevent the aluminum and titanium 
(present in the alloy) from oxidizing. Such 
oxides, of course, would prevent a high strength 
bond. 

If parts are nickel plated before brazing, ero- 
sive and embrittling effects of boron-containing 
alloys on René 41 are lessened. Failure, how- 
ever, occurs in shear through the plating; this 
results in low strengths. Efforts are now being 
made to develop boron-free brazing alloys that 
would not erode or embrittle René 41.* 


Fabricating Difficult, at First 


Initially, fabrication of René 41 (mill an- 
nealed with a 2150° F. water quench treatment) 
was marred by numerous failures. 


Since this 
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annealing cycle put the alloy in the “dead soft” 
condition, it could be formed by conventional 
methods without difficulty. Welding also ap- 
peared simple, verifying laboratory data which 
indicated that René 41 was easier to weld than 
A-286. However, these parts could not be 
subsequently solution treated without serious 
cracking in the heat-affected zone. If parts 
were aged directly after welding, the cracking 
was even more severe. 

This cracking was due to “strain aging’, a 
phenomenon caused by stress from microstruc- 
tural changes due to the y’ precipitation and 
the formation of MzC, at the grain boundaries. 
Since these stresses were superimposed upon 
areas which were already at high residual stress 
levels from the welding sequence (due to ther- 
mal expansion and weld shrinkage during so- 
lidification), the result was immediate and 
emphatic fracturing in the heat-affected re- 
gions. In René 41 this cracking occurs when 
welded areas are held within or slowly heated 
through the aging range, 1100 to 1850° F. 

This dilemma has been overcome by lower- 
ing the mill anneal temperature to 1975° F. and 
by charging welded components into a “hot” 
furnace to be heated through the aging range 
as quickly as possible. For example, if the part 
is to be treated at 1950° F., the furnace may be 
set at 2100° F. and cut back to 1950° F. after 
the part is charged. 

Admittedly, the 1975° F. treatment does not 
produce the maximum in formability that the 
2150° F. temperature gives, but formability is 
still considered “good”. It amounts to 80 to 
90% of that given the higher-temperature an- 
neal. This slight compromise must be made to 
insure the success of subsequent welding and 
heat treatment. 

René 41 is a high-strength alloy and work 
hardens rapidly. Consequently, it is difficult 
to machine. Nevertheless, production machin- 
ing is practical with proper techniques. Car- 
bide tools of the throwaway insert type are 
recommended, where applicable, to eliminate 
grinding. Rough machining is usually con- 
ducted on solutioned stock for maximum tool 
life; finish machining is done on aged material. 
Sulphurated oils have been found to give the 
best cutting results. For comparative purposes, 
René 41 can be considered to have one-third the 
machinability of A-286. S$ 


*A more comprehensive discussion of brazing 
can be found in the article immediately following, 
on the opposite page. 
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Progress in High-Temperature Materials 


Brazing René 41 


By G. S. HOPPIN III* 


Three brazimg alloys have been 
devised; each answers specific needs. 
The type producing the strongest joints 
(J-8600) is used to braze the 

uncoated alloy in a vacuum; 

the others will braze 

nickel-plated René 41 

in hydrogen. (K8; Ni-b, SGA-h) 


Ix prazinc any part for high-tempera- 
ture service, several important factors must be 
considered. These can be grouped into those 
tactors that take effect during processing of the 
part, and those that are active during the serv- 
ice life of the part. For clarity, each set of 
factors will be discussed separately. Process- 
ing factors include the brazing atmosphere, 
solidus and liquidus temperatures of the braz- 
ing alloy, melting point and heat treatment of 
the base metal, intended service temperature 
of the part, reactions between the brazing alloy 
and the base metal, and the size of the gaps to 
be filled by the brazing alloy. 

The composition of the base metal will dic- 
tate the type of brazing atmosphere permissi- 
ble. This is also true of some brazing alloy 
compositions. For example, many superalloys 
can be brazed in a purified (“dry”) hydrogen 
atmosphere. However, dry hydrogen cannot 
be used for alloys high in reactive elements such 
as aluminum (1.5%) and titanium (3.0%). 
Both elements are so reactive that their oxides 
actually form when the alloy is heated even 
though the dry hydrogen contains only a few 
parts per million of oxygen. Instead, this type 
of alloy must be brazed in a high vacuum (30 
microns or less) unless the surfaces are protect- 
ed by special treatment, such as nickel plating. 

Composition of the brazing alloy can also de- 
termine permissible brazing atmospheres. For 
instance, brazing alloys containing reactive ele- 
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J] 79 Engine Nozzle Assembly, About 3% 
Ft. in Diameter, Made by Brazing René 41 


ments must be applied under vacuum for the 
same reasons as base metals high in such ele- 
ments. However, a word of caution here. 
Brazing alloys containing large amounts of ele- 
ments with high vapor pressures (zinc, for in- 
stance) cannot be employed successfully in 
vacuum because such elements evaporate. 
The solidus and liquidus temperatures of the 
brazing alloy must be below the melting point 
of the base metal and must also be above the 
ultimate service temperature of the part being 
brazed. Ideally, the solidus and liquidus tem- 
peratures of the brazing alloy should be such 
that the brazing temperature is the same as the 
recommended solution treatment temperature 
of the base metal. This ideal is difficult to attain. 
Interface reactions between the brazing alloy 
and parent metal should be such that the base 
metal is not eroded or embrittled. Otherwise, 
even if the part can be put in service, it will 
certainly not last for any appreciable time. 
Gaps between separate sections of the parts 


*Manager, Metallurgical Processes Unit, Flight 
Propulsion Div., General Electric Co., Cincinnati, 
Ohio. This article includes information presented at 
@ Golden Gate Metals Conference, San Francisco, 
Feb. 5, 1960. The author is indebted to Paul 
Miskulin, Kenneth Kulju, Ernst Huschke, William 
Blackham and Paul Mobley for the brazing studies 
and brazing alloy development work, to Vincent 
Poynter and Clarence Lehmann for the fine metal- 
lographic work, and to Joseph Japka and Richard 


Benson for the vacuum melting work. 
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to be ultimately brazed influence the choice of 
brazing material. If the gaps are to be of capil- 
lary size (0.001 to 0.005 in.), the brazing alloy 
. ; should flow freely. However, when the gaps 
ee are wider, a sluggish brazing material is needed. 


Service Factors Also Important 


While the foregoing factors are important 
during processing, another group of service 
factors influences the selection of the brazing 
material for any given part. These are service 
temperature, strength of brazed joints at 
service temperature, oxidation resistance of the 
brazing alloy at the maximum service tempera- 
ture, reactions between brazing alloy and base 
metal in service, and effect of the brazing ther- 
mal cycle on parent metal properties. 

Since the maximum service temperatures for 
such brazed parts may be as high as 2000° F., 
strength and oxidation resistance of the brazing 
alloys are highly demanding factors. These 
largely determine whether or not the part will 
stand up in service. 


Fig. 1— René 41 Embrittled by Commercial 
Brazing Alloy. The intergranular penetration is 
thought to be caused by the presence of boron 
and silicon. Etchant, Marbles Reagent; 250 x 


While the problem of reactions between base 
metal and brazing alloy in service is not as 
severe as the occurrence of the same reactions 
during brazing (since service temperatures are 
lower than brazing temperatures), it cannot be 
overlooked. Service life of brazed parts at ele- 
vated temperatures will be several hundred 
hours, whereas the time at the brazing tempera- 
ture will generally be 30 min. or less. 

As mentioned before, brazing temperature 
should be closely matched to the solution tem- 
perature of the base metal. However, in most 
real situations, the two temperatures (brazing 
and parent metal solution) do not exactly match. 
Of equal importance, the cooling rates from 
the brazing temperature are seldom as rapid as 
the ideal ones for complete solution treatment. 
As an example, René 41 must be water 
quenched from 1950° F. for complete solution 
treatment. One can hardly water quench an 
assembly held together by a molten brazing 
alloy! Consequently, the actual thermal cycle 
experienced by a high-temperature alloy part 
during brazing always differs from recom- 
mended solution treatment practice. This may 
be partially remedied by solution treating and 
aging the brazed part at temperatures below 
the brazing alloy solidus, or the part may 
merely be aged following brazing. 

In any event, the thermal history of the fin- 
ished part rarely coincides with the recom- 
mended heat treatment on which design curves 
for the base metal have been developed. Con- 
sequently, the effect of this “combination” heat 
treatment must be ascertained to determine 
whether or not the part will have enough 
strength and ductility for its intended service. 


René 41 Is Typical 


To sum up, the problems met in brazing any 
given superalloy are many and varied. We will 
now see how they were solved for one typical 
alloy of this type, René 41. This alloy is a 
nickel-base, high-temperature alloy which de- 
rives its strength from the age hardening effects 
of titanium and aluminum. Because of its high 
yield strength and excellent stress-rupture prop- 
erties*, it is currently being considered for use 
in some of the newer aircraft and missiles. Its 
combination of properties has made René 41 a 
logical candidate for brazed fabrications to be 
used between 1000 and 1800° F. Consequently, 
the alloy has been thoroughly investigated. 


*See “How to Fabricate René 41”, by L. A. 
Weisenberg and R. J. Morris, p. 70, this issue. 
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During this work, all of the critical factors pre- 
viously mentioned have been closely examined. 

When work began in 1957, the contemplated 
application was one in which large clearances 
for brazing were anticipated. Consequently, 
we first tested a brazing metal which had pre- 
viously been developed for “wide-gap” appli- 
cations. This alloy was a mechanical mixture of 
powders representing two nickel-base alloys. 
Specifically, the mixture contained 60% nickel 
with 1.9% Si and 0.7% B plus 40% nickel with 
7.5% Cr, 4.5% Si and 3.3% B. We can compare 
the action of this mixture to that of concrete; 
a liquid slurry of cement (the Ni-Cr-Si-B alloy) 
freezes around the solid aggregate particles 
(the Ni-Si-B alloy). 

Previously, this particular mixture had suc- 
cessfully brazed gaps up to 0.060 in. in parts 
made of A-286. Furthermore, alloys contain- 
ing titanium and aluminum could be brazed in 
hydrogen when this alloy was used. The boron 
present in the brazing alloy mixture acted as 
a flux to remove surface oxides of titanium and 
aluminum formed in dry hydrogen brazing. 

Early experiments showed that sound brazes 
of René 41 could be made in hydrogen at 2150° 
F. with the wide-gap brazing material. How- 
ever, when a series of lap and butt joints were 
brazed and machined for mechanical tests, dif- 
ficulties began to arise. Fourteen successive 
butt-joint specimens fractured in the braze 
when end milled. Microscopic examination 
showed that brittle fractures had occurred 
through a hard eutectic phase that was present 
as a continuous network throughout the brazed 
joints. When the specimens were shaped by 
grinding (instead of machining), stresses were 
minimized; this eased the brittle cracking. 

But a far more serious problem then ap- 
peared. On testing the lap joints, brittle frac- 
tures occurred in the parent metal. A photo- 
micrograph of one of these joints at the point 
of failure (Fig. 1) shows it to be completely 
intergranular in nature. The dark etching zone 
at the interface is composed of small particles 
of an intermetallic phase formed when alloying 
constituents from the brazing material pene- 
trated the René 41. 

This penetration occurred in two modes. 
First, a dark etching layer (consisting of a great 
number of fine particles) formed. The second 
mode, probably the more damaging, was the 
formation of a brittle grain-boundary network 
which extended several thousandths of an inch 
below the surface of the braze interface. Sub- 
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sequent experiments indicated that the damage 
was mainly done in brazing; little harmful dif- 
fusion occurred in the heat treatment steps. 


More Work Needed 


At any rate, regardless of the mechanism of 
attack, the wide-gap brazing material embrit- 
tled the alloy. We had to find a better brazing 
metal for René 41, and began to study two other 
commercial nickel-base brazing alloys. These 
were J-8100 (19% Cr, 10% Si) and A.M.S. 4775 
(13% Cr, 3.5% Si, 3.5% B). Two series of lap 
joint test specimens were brazed, one set in 
vacuum, the other in hydrogen (after nickel 
plating the René 41). 

In these tests, neither brazing alloy was suc- 
cessful, but nickel plating effectively inhibited 
embrittlement by the brazing alloys used. Ap- 
parently the nickel plate absorbed sufficient 
boron and silicon so that they did not penetrate 
the René 41. Though nickel-plated joints were 
weak (because they sheared in the weak layer 
of plate), shear strengths were still high enough 
to be useful. At room temperature, the strength 


Fig. 2— René 41 Brazed With 
Alloy J-8500 and Oxidation-Tested at 1200° 


F. (Top) and 1400° F. (Bottom) for 100 Hr. 
This brazing alloy is fairly sluggish; it is use- 
ful for brazing parts with wide gaps. The 
alloy must be nickel plated and brazed in 
hydrogen. Etchant, Marbles Reagent; 75 x 


was 35,000 psi., falling to 8000 psi. at 1800° F. 
for J-8100, the strongest of the two alloys. 

So the brazing problem was partially solved. 
The solution was still incomplete, since J-8100 
was a capillary brazing alloy, and a wide-gap 
brazing material was needed for René 41 in 
certain applications. Also, a vacuum brazing 
material that could be used with unplated René 
41 was still desired. 


Special Brazes Are Devised 


Since the standard types of high-temperature 
brazing alloys had embrittled René 41, it 
seemed necessary to try wide-gap brazing with 
less common alloys. These evaluations led to 
new compositions specifically tailored for braz- 
ing René 41. Five other compositions were 
selected for brazing experiments. One was a 
commercially available silver-palladium-man- 
ganese alloy (termed SPM-1); the other four 
were experimental compositions devised in our 
laboratory. One of these had a cobalt base, 
the other three contained indium. All were 
brazed between 2150 and 2175° F. 

The alloys were applied as powder slurries 
to the surface of René 41 panels. These panels 
were then brazed in hydrogen for 10 min. in 
the 2150 to 2175° F. range. After brazing, they 
were examined microscopically. The SPM-1 
alloy caused some intergranular attack, while 
the cobalt-base alloy drastically eroded the 
René 41. In contrast, the three indium-contain- 
ing alloys did not damage the alloy. 

Oxidation tests of these brazes (at 1200 and 
1400° F.) showed that 50% Cu, 35% Ni, 15% In 
alloy was the best of the three. However, its 
1400° F. oxidation resistance was inadequate, 
and the 1700° F. solidus temperature was too 
low for an alloy brazing at 2150°F. (Wide 
melting ranges promote liquation — the separa- 
tion of brazing alloys during heating.) There- 
fore, a series of Cu- ‘Ni-In alloys was prepared, 
and evaluated for oxidation resistance, solidus 
and liquidus temperatures, and compatability 
with René 41. The best of these alloys was 
J-8500 (60% Cu, 35% Ni, 5% In), which had 
good oxidation resistance at 1400° F., a 1900° F. 
solidus and a 2200° F. liquidus, along with good 
compatability to the superalloy when brazed 
at 2200° F. The alloy was also sluggish; thus 
it filled our need for a wide-gap braze. Figure 
2 shows the microstructure of J-8500 brazed 
joints in René 41 after oxidizing 100 hr. at 
1200° F. and 1400° F. 

Though laboratory tests showed that J-8500 
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Fig. 3 — Joint Brazed With J-8600 in Vacuum 
This alloy, which contains chromium, palladium, 
and silicon in a nickel base, was the best found 
for brazing René 41. Etchant, aqua regia; 250 


would braze to the alloy reasonably well i 
hydrogen (presumably due to some fluxing ac- 
tion by the indium), nickel plating was required 
for actual parts brazed in a larger furnace. 
With this technique, large parts made of nickel- 
plated René 41 have been brazed in production 
with the J-8500 alloy. 
plated René 41, 
with this alloy, have shown shear strengths 
ranging from 44,000 psi. at room temperature 
to 18,000 psi. at 1250” F. 

Since the nickel plating remained an unde- 
sirable additional operation (particularly on 


Lap joints of nickel- 
gapped 0.010 in. and brazed 


large fabrications), the next step was to find an 
alloy suitable for vacuum brazing. J-5100 could 
not be used, because it embrittled René 41 
J-8500 


could not be used because the indium vaporized 


when no nickel plating was present. 


in vacuum; thus the alloy would not braze. 
Palladium Alloy Used 
Some experience with brazing alloys of the 


Ni-Cr-Pd system had been gained 
studies on molybdenum. Though brazing tem- 


brazing 


peratures of these alloys were excessively high 
for René 41, we felt that an alloy with a suita- 
ble brazing temperature could be evolved. 
Some 44 experimental compositions later, one 
was! The magic composition turned out to be 
a nickel-base alloy, containing 33% Cr, 24% Pd, 
and 4.0% Si. This alloy, which we called J-8600, 
brazed René 41 excellently in vacuum at 2150" 
F. with virtually no erosion or interface em- 
brittlement of the base material (Fig. 3). It also 
has exhibited good oxidation resistance to 
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Tips for Brazing Rene 41 


1. This alloy should be brazed in vacuum, 
or nickel plated if brazed in hydrogen. 

2. Commercial brazing alloys high in boron 
or silicon (or both) embrittle René 41 badly. 

3. The best method of brazing this metal is 
with a Ni-Cr-Pd-Si alloy (J-8600) in vacuum. 

4. Alternate alloys for hydrogen brazing 
René 41 (nickel plated) are a Ni-Cr-Si alloy 
(J-8100) and a Cu-Ni-In alloy (J-8500). 

5. The thermal cycles involved in brazing 
with these alloys lower the tensile properties of 
René 41 about 10%. 


1500" F., and lap joints brazed in René 41 with 
this alloy have had shear strengths of 35,000 
psi. at 1250° F. The alloy also possesses inter- 
mediate fluidity —it has brazed capillary and 
moderately wide-gap joints (up to 0.030 in.) 
with equal facility. Of even greater signifi- 
cance, a total of seven complex René 41 fabri- 
cations have been successfully brazed in a large 
commercial vacuum brazing furnace. 
Summing up the brazing alloy studies on 
René 41: (a) Standard brazing alloys have been 
ruled out unless nickel plating is used; (b) 
]-8100 is the best of the standard alloys to use 
with nickel plating; (c) a Cu-Ni-In alloy 
J-8500) is a satisfactory wide-gap brazing alloy 
to use on nickel-plated René 41 in hydrogen; 
d) a new Ni-Cr-Pd-Si alloy ( ]-8600) has proved 
to be an excellent vacuum brazing alloy for 
René 41. (All compositions are listed in Table 
I.) These are simple conclusions, yet more than 
two vears of work was needed to reach them. 


Table I — Brazing Materials for René 41 


Though many of the brazed parts being man- 
ufactured from René 41 should receive the 
1950° F. solution treatment followed by a 
1400° F. aging treatment, they do not because 
brazing temperatures are in the 2150 to 2200° F. 
range. For this reason, the effect of these braz- 
ing temperatures on mechanical properties of 
René 41 has been investigated. The most re- 
cent investigation has involved tensile property 
determinations on René 41. Specimens were 
run through two 2150°F. brazing thermal 
cycles in a production furnace, and subse- 
quently solution treated at 1950° F. for 1 hr., 
air cooled, and aged 16 hr. at 1400°F. In 
Table II, tensile tests on these samples are com- 
pared with similar tests on control samples 
given the ideal heat treatment only. (All re- 
sults are the average of three tests.) 

When these test specimens were examined 
microscopically, we found that those which had 
received the brazing cycle had larger grains 
than those with the normal heat treatment. The 
average drop in tensile and yield strengths 
which results from brazing is little greater than 
10% —not desirable, but certainly within de- 
sign limitations on most parts. 

As regards high-temperature materials in 
general, this work has shown that the alloy and 
process for brazing must be selected with a 
sound understanding of both the physical 
metallurgy of the base material and the inter- 
actions of the base material with brazing alloys. 
The effect of brazing thermal cycles on proper- 
ties of the parent material must also be as- 
sessed to see whether compromises will be 
required in design assumptions. If these fac- 
tors are property considered, sound, reliable 
brazed parts will result —if they are ignored, 
some very expensive scrap will be available! @ 


J-8600 


J-8100 J-8500 


Composition 
Brazing temperature 
Brazing atmosphere 
Service temperature 


39 Ni, 33 Cr, 24 Pd, 4 Si 
2150° F. 
Vacuum 
1500° F. 


71 Ni, 19 Cr, 10 Si 


60 Cu, 35 Ni, 5 In 


2200° F. 2200° F. 
H ydrogen* Hydrogen* 
1900° F. 1400° F. 


* Base metal must be nickel plated. 


Table Il — Effect of Brazing Cycles on Mechanical Properties 


SPECIMENS*® 


TEMPERATURE 


T 
0.2% 
STRENGTH 


TEs! TENSILE 


ELONGATION 
STRENGTH 


Controls 
Braze cycle +H.T. 


Controls 


Braze cycle +H.T. | 


Room 167,000 psi. | 139,000 psi. 5.59 
Room 156,000 121,000 7.5 
1200° F. 162,000 124,000 7.0 
1200 143,000 111,000 $5 


*Control samples given ideal heat treatment only; brazed specimens run 


through two 2150° F. brazing thermal cycles. 
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Progress in High-Temperature Materials 


Refractory Metals for 
Air and Space Vehicles 


Reported by R. H. GASSNER* 


At a recent West Coast conference, engineers discussed applications, 
fabrication methods and properties of refractory metals 

as related to their use in aircraft and space vehicles. 

Most of the research so far has centered around molybdenum, 

columbium, tantalum and tungsten. Main drawback: at high temperatures, 
all of them have very low resistance to oxidation. 


(T24, Q-general; EG-d, SGA-h, 17-57) 


The REFRACTORY METALS — in particular, 


molybdenum, columbium, tantalum and tung- 
sten — are now receiving much attention be- 
cause of their potential for missile and rocket 
applications. As a consequence, metals engi- 
neers in Southern California, a major center of 
the aerospace industry, were attracted in large 
numbers to a regional conference on the sub- 
ject, and found, as this report shows, that prog- 
ress has been made, though many problems still 
obstruct full utilization of refractory metals in 
the race to the stars. 

The heat generated by hypersonic aircraft 
and re-entry vehicles poses a challenging prob- 
lem for the structural designer because he has 
a difficult choice to make. He must either 
shield his structure from this heat by combining 
insulation and cooling techniques or make it 
from metals which will retain useful strength 
at temperatures above 2000° F. The first alter- 
native has the advantage of using materials 
whose technology is relatively well developed, 


*Chief Metallurgist, Douglas Aircraft Co., El Se- 
gundo Div., El Segundo, Calif.; Consulting Editor, 
Metal Progress. This report covers the 1960 South- 
ern California Regional Conference sponsored by 
the Los Angeles, San Diego and San Fernando 
Chapters of the A.S.M. 
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but the second offers extremely attractive weight 
savings. This was brought out in the paper 
presented by E. G. Czarnecki (Boeing Airplane 
Co.) who discussed three solutions for the pri- 
mary structure problem: ablation cooling, insu- 
lation plus water cooling, and radiation cooling. 

As described by him, the first concept re- 
quires only superalloys; the second employs 
superalloys for structure with a heat shield of 
refractory metal; and the third uses only refrac- 
tory metals. The later two concepts are 640 Ib. 
and 860 lb. lighter, respectively, than the first 
—and weight savings of this magnitude would 
be very attractive in today’s supersonic aircraft 
—not to speak of tomorrow's Mercury capsule 
and Polaris missile illustrated here. Consider 
how much more appealing they must be to the 
designer of a vehicle to land on the moon and 
return to earth. Even assuming that tomor- 
row’s high-energy propellants will be practical, 
the designer is faced with launch-to-payload 
ratios of 146 to 1. 

Re-entry from outer space will impose the 
most severe heat rates on structures. They will 
be manifested by a high short-time heat pulse 
on the first bounce, and a low long-time pulse 
following. Fortunately, the maximum loading 
and maximum temperature are out of phase (in 
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Fig. 1 
Polaris 
Test at 
Cape 


Canaveral 


other words, the primary structure is quite 
lightly loaded at maximum temperature). 
Hence, most panels can be built of minimum- 
gage sheet. As an example, 0.008-in. face sheet 
backed by 0.010-in. corrugations, 18 in. apart, 
may be used. Flexible connections will com- 
pensate for major thermal loads. 

Refractory metals may also be used in ram- 
jet-powered vehicles, low-altitude missiles, and 
heat dissipation systems in satellites. The first 
two, operating in the atmosphere at Mach 2 to 
6 for hours rather than minutes, will require 
oxidation resistant coatings. Satellites, how- 
ever, may need the corrosion resistance of 
refractory metal tubing for the liquid sodium 
used to carry away the heat generated by solar 
radiation and internal electronic equipment. 

Strength-to-density evaluations show colum- 
bium and molybdenum to be far superior to 
tungsten and tantalum for such applications — 
if the temperature stays below 2500° F. Above 
this temperature, molybdenum and tantalum 
are about equal, but tungsten is better still, as 
Fig. 2 shows. However, its high ductile-to- 
brittle transition temperature, 645° F., presages 
difficult handling and workability problems. 
The transition temperature of molybdenum, 
about 75° F., indicates that some minor incon- 
viences may be required in its fabrication. 
Columbium and tantalum, with transition tem- 
peratures well below zero (—185 and —320° F., 
respectively), can be formed satisfactorily. 
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Figure 3 illustrates the transition temperature 
characteristics. 

In structural applications of refractory metals, 
lack of oxidation resistance at high tempera- 
tures is a critical problem. Despite minor dif- 
ferences in oxidation rate, all of them will re- 
quire protective coatings when used in re-entry 
vehicles. The useful limit for coatings now 
developed is about 3000° F. Reliable coatings 
which can withstand 4000°F.. and whose 
effects on design properties are known, will be 
needed if the full potential of refractory metals 
is to be realized in vehicular structures. 


Power Plants Bring Problems 


Turning from structural applications, E. 
Schnetzer (General Electric Co.) surveyed the 
entire range of current and future propulsion 
systems, evaluating the needs of each type for 
refractory metals. Beginning with the T-58 
turboshaft engine, he stated that increasing the 
turbine inlet temperature from 1700 to 2500° F. 
would reduce the weight from 0.25 Ib. per hp. 
to 0.1 Ib. per hp., and reduce specific fuel con- 
sumption from 0.70 Ib. per hp. per hr. to 0.5 
Ib. per hp. per hr. A similar rise in turbine 
inlet temperature would double the thrust of 
the J-79 turbojet engine at Mach 2.5, improve 
its fuel economy, and reduce its specific weight 
from 0.33 to 0.1 Ib. per Ib. thrust. 

Parallel improvements could be realized in 
the reheat version of the J-79, in ramjets and in 
turbojet ramjets if refractory metals were avail- 
able. However, so far, it has not been possible 
to use any refractory metals in these systems 
because of their low oxidation resistance. Ex- 
tensive experiments aimed at introducing 
molybdenum (and, more recently, columbium) 
turbine buckets have not yet been successful 
because of shortcomings in coating techniques. 

Rockets powered by liquid propellants have 
made use of regenerative cooling of nonrefrac- 
tory materials to handle combustion tempera- 
tures in excess of 5500° F. Some consideration 
is being given to the use of refractory metals 
in nozzle skirts, however. This may pay off in 
weight savings or engine efficiency. If so, 
refractory metals will probably be used for 
many such parts in the future. 

Since regenerative cooling cannot be used 
in solid-propellant rockets, designers have 
been forced to employ refractory metals for 
nozzle liners. Molybdenum, for example, is 
used in nozzles and jetevators of the Polaris, 
and tungsten and tantalum are being considered 
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Fig. 2— Four Refractory Met- 
als Compared as to Strength- 
to-Density Ratios. Judging 
from this, only tungsten and, 
to a lesser extent, molybde- 
num and tantalum, can be 
used when temperatures above 
2500° F. must be considered 


Tensile Strength : Density, In. x 1000 


for other parts in the nozzle area. Many of the 
current applications use forgings, but as size 
increases, high-quality sheet will be an abso- 
lute necessity if the cost of initial purchase and 
machining is to be lowered. 

It can also be foreseen that it will not suffice 
merely to use materials which will withstand 
the high temperatures. Even today, some ex- 
perimental solid propellants cannot be used for 
lack of a nozzle material, and it seems apparent 
that ablation or film cooling techniques will 
have to be developed. Exhaust flames, now 
relatively inert with respect to refractory metals, 
will become more oxidizing; this will absolutely 
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Fig. 3—How Ductility 
Varies With Tempera- 
ture for Four Refractory 
Metals. Tungsten must 
be formed while hot 
and molybdenum may 
also offer trouble, but co- 
lumbium and _ tantalum 
should form satisfacto- 
rily at room temperatures 
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require some very efficient protective coating 
to prevent erosion. 

Looking forward, the next major step in 
rocketry development will be the heat-transfer 
nuclear rocket. As Fig. 4 shows, the propellant 
in this system, liquid hydrogen or helium, is 
pumped through the nozzle lining (for regen- 
erative cooling) and then into a nuclear reactor 
where it is heated to 3500 to 6000° F. Rockets 
powered in this manner could attain velocities 
two to three times as high (and specific im- 
pulses one and one-half to three times as high) 
as chemical rockets. Even with regenerative 
cooling, high-strength refractory metals will be 
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required to line the nozzle throat. They will 
also be needed for nuclear fuel containment 
and reactor structure. However, the inert or 
reducing atmospheres will make protective 
coatings unnecessary. First applications (ex- 
pected about 1970) will probably operate on gas 
at 3500°F. with a 750-sec. specific impulse 
and thrust-to-engine weight ratios of about 12. 
By 1980, we can expect such systems to have 
advanced to 6000° F. gas temperature, a 1200- 
sec. specific impulse and thrust-to-engine 
weight ratios of nearly 50. The 1,000,000-lb. 
thrust of this engine would be sufficient to put 
a 150,000-Ib. payload in an orbit 300 miles high. 
For comparison, a 6,000,000-Ib. thrust, three- 
stage chemical rocket would be required for 
the same job. 

Beyond the nuclear rocket are two systems 
based upon electrical propulsion — plasma jets 
and cesium ion rockets. In the former, specific 
impulses of 1000 to 8000 sec. will be achieved 
with operating temperatures from 6000 to 
12,000° F. Regenerative cooling and refrac- 
tory metals will be used in electrodes and noz- 
zles. The cesium ion rocket will attain specific 


Fig. 4—A Nuclear Rocket System. The pro- 
pellant, liquid hydrogen or helium, travels 
through and cools the chamber lining; then it is 
heated to the 3500 to 6000° F. range. Thrust 
may vary from 60,000 to 1,000,000 lb.; the 
specific impulse, from 750 to 1200 sec.; and the 
thrust-to-engine weight ratio, from 12 to 50 
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impulses of 2000 to 20,000 sec. with operating 
temperatures of only 3000 to 4000°F. How- 
ever, regenerative cooling cannot be employed; 
this will make refractory metals necessary for 
high-temperature components. 

Also, both types of rockets will consume 
large amounts of electric power. The nuclear 
turbogenerator power systems being designed 
for them will employ refractory metals in the 
reactors and turbines, both of which will oper- 
ate at 1700 to 2000° F. 


Availability and Need 


The need for refractory metals in structures 
and power plants of air and space vehicles is 
obvious from the above. However, the amount 
needed is quite limited, both in number of 
specific items and in aggregate tonnage. Prob- 
ably the total yearly requirements will be about 
500 tons—and this amount is but 5% of the 
consumption of antimony in this country. 
Studies of the availability of raw materials have 
come up with a reassuring answer. As much 
as 10,000 tons more than current production of 
tungsten, molybdenum and columbium could 
be made available. From 100 to 1000 tons of 
tantalum, and about 100 tons of rhenium, could 
be produced above present requirements. 

Availability of satisfactory mill products is 
another story. Production is small, quality is 
variable, and sizes and tolerances are inade- 
quate. Forgings cost from about $15 per Ib. 
for molybdenum to $100 per Ib. for tungsten; 
sheet ranges from $25 to $50 per lb. for molyb- 
denum to $100 per Ib. and $200 per lb. for 
columbium and tungsten, respectively. 

Recognizing that the industrial availability 
of acceptable mill products would lag behind 
the need, the Department of Defense estab- 
lished the Refractory Metals Sheet Rolling 
Program. J. R. Lane of Materials Advisory 
Board, the program monitor, stated that the 
objective was to develop the technical informa- 
tion necessary to produce (and to evaluate) 
high-quality sheet metal which would have 
consistent properties. Six subpanels have been 
created. They are responsible, respectively, 
for alloy requirements, coating, joining, quality 
standards, test methods and analytical prob- 
lems. In Phase I, researchers will determine 
the significant variables incident to production 
and evaluation of high-quality sheet. Phase II 
provides for determination of mechanical prop- 
erties and other design criteria. Finally, in 
Phase III, fabrication and assembly techniques 
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will be developed, and full-scale assemblies, 
will be built. 

Work thus far has been devoted to the first 
phase. Universal-Cyclops Steel Co. has a con- 
tract to produce 8000 Ib. of high-quality molyb- 
denum sheet, up to 36 x 96 in. Also Crucible 
Steel Co. of America is to produce defect-free, 
high-formability columbium sheet with 100,000 
psi. ultimate tensile strength, and Sylvania Elec- 
tric Products Inc. is working on the production 
of molybdenum alloy sheet by the powder 
process. Two research-oriented contracts are 
held by Armour Research Foundation and Wah 
Chang Corp. The first contract specifies inves- 
tigation of the feasibility of producing molyb- 
denum by the Kroll process and of consoli- 
dating resultant sponge or powder by hot extru- 
sion. Meanwhile, the influence of impurities 
on properties of molybdenum sheet is being 
studied by Wah Chang. Contracts for produc- 
tion of tungsten sheet are in the proposal stage. 


Consolidation and Primary Working 


Both melting and powder metallurgy tech- 
niques are now being used to consolidate re- 
fractory metals, according to E. E. Reynolds 
(Allegheny Ludlum Steel Corp.), who pointed 
out that all melting and sintering methods use 
inert atmosphere or vacuum to minimize reac- 
tions with oxygen, nitrogen and hydrogen. 
Melting processes employed are consumable 
electrode, nonconsumable electrode, electron 
beam, zone, skull, levitation and induction. 
Variations among powder techniques are main- 
ly in the manufacture of the green compacts; 
these are made by mechanical pressing, hydrau- 
lic pressing, isostatic pressing, explosive com- 
pacting, rolling, and slip casting. 

The metallurgical characteristics of refrac- 
tory metals impose severe restrictions on the 
equipment and practices used for processing 
them into mill products. Their high recrystal- 
lization temperatures (for example, 1830° F. — 
or 1000° C. —for molybdenum and 2370° F. — 
or 1300° C.—for tungsten) dictate hot work- 
ing at temperatures above the capability of 
most mill heating equipment. Because of their 
inherent strength, these metals have great 
resistance to deformation, even at hot working 
temperatures and, as stated before, cold work- 
ing is difficult on those alloys having ductile-to- 
brittle transition temperatures above room 
temperature. Generally, annealing is neces- 
sary. This operation, as well as heating for 
hot working, must be performed in inert atmos- 
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Fig. 5 — Rocket Nozzle Forged From Tungsten 
Ingot. This 8-in. nozzle was forged by Ladish 
Pacific Co., from an ingot, 32 in. in diameter, 


which in turn was made by an _ electron 
beam process developed by Staujfer-Temescal 


phere or vacuum because of the extremely poor 
resistance of refractory metals to oxidation. 
Although their high thermal conductivities 
allow shorter heating times, cooling during hot 
working is also rapid. | Much progress in com- 
bating these restrictions is expected at the In- 
Fab* facility recently completed by Universal- 
Cyclops. Here, in an 80 x 40-ft. room filled 
with 99.995% pure argon, personnel clad in 
space suits will operate a rolling mill 36 in. 
wide, a 15,000-ft-lb. impacter, a shear and 
necessary complementary vacuum furnaces. 


Forging Used Widely 


In manufacturing parts from refractory metal 
mill products, forging is being used extensively 
as an intermediate operation. According to 
R. P. Daykin (Ladish Co.), the more difficult-to- 
forge refractory metals, tungsten, molybdenum 
and columbium, are about as stiff as A-286, but 
not as stiff as René 41. This statement applies 
to forging in the hot-cold work range to secure 
increased mechanical properties. (In the true 
hot working range, refractory metals are mush- 
ier than carbon steel.) Sufficient plasticity is 
available so that existing forging equipment is 
powerful enough. Molybdenum forgings, for 
example, can be made in about the same shapes 
as titanium forgings. More specifically, web 
thickness limitations would be 3 in. or % in. 
in a large, relatively simple forging of approxi- 

*See Technical News in Brief, Metal Progress, 
July 1960, p. 65. 
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mately 150 sq.in. surface area, providing there 
were not too many ribs and bosses. 

The most severe limitation on size of forgings 
is the size of billets available. Rolled ring forg- 
ings (molybdenum) for nozzles have been made 
in the 14 to 15-in. diameter range. Closed die 
forgings of tungsten (see Fig. 5) haven't gone 
beyond 814 in. diameter (nozzle inserts) to date, 
but approximate shapes have been forged in 
the 10 to 12-in. diameter range. On the other 
hand, closed die forgings weighing up to 2500 
lb. have been produced from 15-in. diameter 
ingots of 1% zirconium-columbium alloy. 

Forging costs are high but not unreasonably 
so. For example, the molybdenum turbine 
bucket forgings for the J-47 hot rod engine 
(which weighed about 2 lb. each) were priced 
at $125 per Ib. After machining, each bucket 
weighed slightly less than 1 Ib. 

Although conventional hammer and _ press 
equipment is used for forging, higher tempera- 
ture heating equipment (furnace or induction, 
3400’ F. capability) with protective atmosphere 
is necessary. Normally, tungsten forging starts 


Fig. 6 — Effect of Temperature on Elas- 
tic Modulus of Some Refractory Materials 
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at 3000°F. As reduction progresses and the 
recrystallization temperature decreases, the 
working temperature is lowered to maintain 
the increased properties resulting from hot-cold 
working. Oxidation during forging is not a 
serious problem on tungsten and molybdenum. 
(As a matter of fact, the oxide serves as a rather 
effective lubricant.) Proprietary coatings have 
been used quite successfully in protecting 
columbium and tantalum during forging. 


Forming Not Difficult 


As with forging, forming of refractory metal 
sheet is limited more by available size than by 
equipment capabilities. Experience at Aerojet- 
General, related by R. A. Perkins, has not indi- 
cated any limitations in forming molybdenum 
and tungsten on conventional equipment. Of 
course, any severe forming operations must be 
performed well above the ductile-to-brittle 
transition temperature; therefore, some heating 
equipment is required. Oxy-acetylene torches 
suffice for many operations, surface contamina- 
tion being ground or pickled off later. Metal 
losses are minor, and protective coatings are 
unwarranted because parts are surrounded dur- 
ing forming by an atmosphere of the volatile 
oxide. 

At the proper temperatures, all conventional 
forming techniques can be used, according to 
A. B. Michael (Fansteel Metallurgical Corp.). 
Tungsten sheet, for instance, can be drawn 
into cups (21% in. deep * 4 in. LD. x 1/16 in. 
wall) at 2370 to 2550° F. (1300 to 1400° C.) and 
flow-turned to reductions of 0.030 in. to 0.060 
in. per pass at 2200° F. Cups as large as 18 in. 
in diameter can be deep drawn, but 9 in. O.D. 
is the largest made to date because larger tung- 
sten sheets are not available. 

In addition to stock size limitations, forming 
operations are currently handicapped because 
quality is not uniform from supplier to supplier 
and from lot to lot. Extensive standardization 
work will be required before large-scale pro- 
duction is practical. As an example of how 
variations in chemistry and prior history affect 
formability, F 48 columbium alloy can be suc- 
cessfully formed at —100° F. when carbon con- 
tent is 0.03% or lower, but with 0.05% to 0.06% 
carbon content, the transition temperature is 
about 300° F. Before columbium and molyb- 
denum alloy sheet are severely formed, it is 
often necessary to remove 0.003 to 0.005 in. of 
surface contamination by sanding with 120- 
grit belts to prevent cracking. 
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Welding and Brazing 


Fusion welding by the inert-gas, shielded-arc 
process is the most common method of joining 
refractory metal parts. However, according to 
R. G. Frank (General Electric Co.), electron 
beam welding appears likely to become the pre- 
dominant method in the future because it offers 
greater penetration-to-width depth-to- 
width ratios with narrower heat-affected zones. 
In addition, the welds have better ductility be- 
cause they are purified and degassed by the 
vacuum. Electron beam welds also have a finer 
grain size, another characteristic which im- 
proves ductility. 

Welds in tantalum, columbium, and colum- 
bium alloys are quite ductile, while those in 
tungsten, molybdenum and molybdenum alloys 
are quite brittle, although only slightly less 
ductile than the base metal. However, in 
spite of this brittleness at room temperature 
they possess usable strength and are relatively 
ductile above the transition temperature. Some 
thought is being given to employing hot work- 
ing (for example, planishing, of the weld bead 
and recrystallized heat-affected zone) to restore 
basic sheet properties. 

Another approach to the brittleness problem 
(related by E. D. Weisert, Marquardt Corp.), 
has been development of a 35 at.% rhenium- 
molybdenum filler wire for welding Mo (0.5% 
Ti) sheet. Weldments so produced have proved 
stronger than the base metal and can withstand 
an SO” bend around a radius equal to the thick- 
Unfortunately, the 
weld beads are susceptible to rapid, preferen- 


ness at room temperature. 


tial attack when the conventional oxidation- 
The embrittle- 
ment which results probably occurs because 


protective coating is applied. 


sigma phase may form when the coating is heat 

treated. 

at.% may eliminate these deficiencies. 
Contamination is one of the major factors 


Reducing the rhenium content to 25 


which must be controlled welding molyb- 
denum. If contaminant level of the bead is 
allowed to go as high as 1000 ppm., it is fairly 
certain that the weld will not be sound. In- 
stead, it will probably exhibit center-bead or 
some other type of cracking. If contamination 
is held to 70 ppm., however, welds will prob- 
ably be sound. To some extent, this character- 
istic is related to grain size because contaminant 
compounds tend to congregate in grain bound- 
aries. Hence, in large-grained material with 
its lower grain-boundary area, the higher con- 


NOVEMBER 1960 


centration of contaminant compounds in bound- 
aries weakens them. 

In welding columbium alloys, it is important 
to control microstructure by post heat treat- 
ment. For example, heat treatment at 1950° F. 
after welding produced brittle welds in Fan- 
steel 82 alloy, but interposing an anneal at 2100 
to 2200° F. between welding and the 1950° F. 
treatment produced ductile welds. Similarly, 
welds in F 48 alloy as welded will only with- 
stand about a 10° bend. However, welds 
annealed at 2500° F. can be bent 105° around 
a radius equal to three times the thickness. 

Refractory metals and their alloys can be spot 
welded to each other and to themselves quite 
satisfactorily. 
tural sandwich panels with tantalum honey- 
comb core and tungsten face plates are avail- 
able. Resistance spot brazing, with 0.002-in. 
tantalum foil between faying surfaces, has also 
To braze molybdenum 


For example, spot welded struc- 


been used successfully. 
and its alloys by conventional techniques, a 
filler metal of chromium-nickel- -palladium alloy 
has been developed. This has replaced the 
silicon-boron alloy filler which caused brittle 
interfaces to form. This problem of brittle 
interfaces has also plagued attempts to fusion 
weld refractory metals to nickel alloys; ductile 
joints can only be made by brazing with a 
copper-platinum filler alloy. 

Failure to specify strain rate when quoting 
property requirements is an error which has 
cropped up quite frequently in procurement of 
Both ultimate strength and 
elongation are extremely sensitive to strain rate. 
To illustrate, a molybdenum specimen pulled 
to failure in 100 sec. or less will show practically 
no elongation; however, one pulled at 0.005 in. 
per in. per min. to yield an 0.01 to 0.03 in. per 
min. crosshead speed to failure (roughly 600 
sec. total) will elongate around 42%. Slower 
rates of strainiag do not appear to have any 
further effect. 


refractory metals. 


Refractory Nonmetallics 


In comparing refractory metals with other 
refractory materials, R. I. Jaffee (Battelle Me- 
morial Institute) pointed out that the nonmetal- 
ics suffer severely because hot working proc- 
esses for consolidation and grain refinement 
are lacking. Therefore, elimination of porosity 
depends solely on diffusion during sintering, 
and it is rarely possible to achieve theoretical 
Since porosity has a potent effect on 
(Continued on p. 136) 


density. 
load carrying capacity 
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Device Used at Battelle Memoriai Institute for De- 
termining Mechanical Properties of Ceramics Be- 
tween 2000 and 4000° F. The apparatus consists 
of a loading device, vacuum furnace, temperature 
and strain-measuring setups, and a power source 


Progress in High-Temperature Materials 


Ar tone Last, metallurgical theory and 
testing methods are being applied to the study 
of ceramics — this was the significant feature of 
the Conference on the Mechanical Properties 
of Engineering Ceramics held recently at North 
Carolina State College. Sponsored jointly by 
the Office of Ordnance Research, U.S. Army, 
and the School of Engineering at North Caro- 
lina State, this conference attracted some 200 
key scientists and engineers from laboratories 
throughout the United States, and from several 
foreign countries as well. At this meeting, 
speakers repeatedly stressed their intention to 
develop direct correlations between mechani- 
cal properties of ceramic materials and their 
internal structure and constitution. While this 
approach has long been applied to the under- 
standing of metals and alloys, its intensive 
application to ceramics has been more recent. 

Virtually all of the papers presented at this 
meeting can be classed in three categories: (a) 
fundamentals of structure and constitution as 
related to properties; (b) development of spe- 
cial tests for correlation of structure and 
properties; (c) evaluation of specific materials. 

In the keynote address, E. R. Parker (Univer- 
sity of California) pointed out that metallurgists 
as well as ceramists have been vitally concerned 
with brittle fracture. This concern has led 
investigators of metals to employ ceramic ma- 
terials in their studies since such materials are 
more susceptible to brittle behavior than 
metals. Certain ceramics are also more simple 
in their structure than metals. 
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Science of Ceramics Takes Hold 


Reported by W. W. AUSTIN* 


Testing techniques pioneered by metals engineers are now being widely used 
to evaluate ceramic materials. At a recent conference 

in North Carolina, researchers presented significant information 

relating the mechanical behavior of ceramics to their fundamental structures. 
One result: Ceramics which are reasonably resistant to impact and heat 

up to 5000° F. appear to be in the offing. (Q-general, M-general; NM-f) 


As a natural outgrowth, researchers have not 
only gained a better understanding of brittle 
behavior, but have also increasingly realized 
that all materials follow the same fundamental 
laws in their physical and mechanical behavior. 
Thus, solid-state research is now aimed at im- 
proving the knowledge of how and why mate- 
rials behave as they do, their metallic or non- 
metallic characteristics notwithstanding. 

Empirical methods are no longer adequate 
to provide solutions for complex materials prob- 
lems, basic research now being the only sure 
path to advancement. Although it is now pos- 
sible, with the concepts of quantum mechanics 
and solid-state physics, to devise quantitative 
theories which relate structure and constitution 
to properties, this field of knowledge is by no 
means complete. We cannot yet predict nor 
compute in a precise manner the properties of 
materials from fundamental data. Neverthe- 
less, much has been learned, and such factors 
as the essential role of lattice defects in deter- 
mining mechanical behavior are now well 
established. Today such types of lattice imper- 
fections as dislocations, vacant lattice sites, 
interstitial atoms, electrons and holes, and 
“phonons”t and “excitons”t are being explored. 


*Head, Department of Mineral Industries, North 
Carolina State College, Raleigh, N.C. In general, 
individual papers and authors are not identified 
since conference proceedings will be published in 
book form. 

tImperfections associated with or resulting from 
localized energy gradients in the lattice. 
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Fundamentals of Structure 


Of all the fundamental concepts involved in 
the study of mechanical behavior of materials, 
dislocation theory is perhaps the most univer- 
sally applicable. Two papers in the conference 
described current research which was specifi- 
cally concerned with dislocations in ceramic 
materials; several others, as well, were directly 
concerned with mechanical behavior as in- 
fluenced by dislocations. For example, one in- 
vestigation employed electron microscopy to 
examine and identify characteristic banded 
structures resulting from dislocation movements 
in single crystals of tale. Complex dislocation 
nets, arising from interaction between these 
bands, are also under study in relation to the 
observed mechanical behavior of tale crystals. 

A new technique for evaluating dislocation 
behavior in ionic crystals under dynamic condi- 
tions has been perfected recently. To do this, 
a small cylindrical specimen crystal is subjected 
to cyclic loads by bending while an a-c. signal 
is passed through it. Oscilloscope studies of 
the resulting modified signal have revealed 
significant relationships to structural charac- 
teristics such as vacancy migration and disloca- 
tion movement. These features can be directly 
correlated with deformation of the specimen. 

Recently, major improvements in research 
techniques and tools have led to many impor- 
tant contributions on the relation of engineering 
properties of ceramics to their microstructure. 
Here, the methods of physical metallurgy and 
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metallography are being applied to ceramic 
materials to good advantage. The electron 
microscope has revealed grain and subgrain 
boundaries in ionic solids, and researchers are 
now exploring the segregation of impurity 
atoms at these locations. 
are extensively used along with the microprobe 
(an instrument that can provide accurate quan- 
itative analyses of areas or particles as small 


Microhardness tests 


as one micron in diameter). 
Some Ceramics Are Ductile 


Also reviewed at the conference was an im- 
portant and widely acclaimed series of inves 
tigations on ductility in certain ionic solids. 
According to recent findings, many ceramic 
materials with sodium chloride or cesium chlo- 
ride structures are substantially ductile — at 
least when they are in a state of high purity and 
tested in the form of single crystals. However, 
when freshly cleaved surfaces are contaminated 
by exposure to the atmosphere, the observed 
ductility in such crystals as sodium chloride, 
potassium chloride and potassium bromide is 
seriously impaired. On the other hand, single 
crystals of magnesium oxide of commercial 
purity can be deformed plastically at room tem- 
perature. In the latter instance, some speci- 
mens deformed as much as 20% before failing. 
Further study of magnesium oxide of commer- 
cial purity has revealed that dislocations ac- 
cumulate at slipband intersections; these are 
responsible for its normal brittle behavior. 
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Fig. 1—Hydrogen- 
Oxygen Rocket Motor in 
Position to Test Ceramic 
Panel. Up to 5000° F 
is reached during test 


In another investigation of the plasticity of 
single crystals of magnesium oxide, the effects 
of “doping” with selected impurities are under 
study. The addition of 0.7% Cr.O, increases the 
room-temperature compressive yield strength 
of magnesium oxide by a factor of three or four 
times — or from 12 to 14 kg. per sq.mm. (17,100 
to 19,900 psi.) in pure MgO to 30 to 45 kg. per 
sq.mm. (42,600 to 64,100 psi.) in doped MgO. 
Such specimens, however, undergo very little 
plastic flow prior to fracture. Smaller additions 
(0.2%) of CroOz, or as little as 0.025% NiO, will 
increase the compressive strength while main- 
taining substantial over-all plasticity in the 
crystal. 

Some ot the doped single crystals are cloudy; 
the cause is unidentified as yet. Such crystals 
can be deformed plastically up to 10% before 
fracture. Researchers have postulated that the 
cloudiness is associated with minute voids 
which interfere with the normal propagation of 
fracture. Parallel studies reveal that single 
crystals of calcium oxide containing on the 
order of 0.1 to 1.0% MgO also undergo 8 to 10% 


plastic deformation before failing. 
Special Test Methods 


To aid in this fundamental work, several 
novel test methods have been devised. These 
special tests are the natural outgrowth of work 
with minute specimens (frequently single crys- 
tals), and they often incorporate ingenious elec- 
tronic circuity with precise electrical measure- 
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ments that can be correlated with properties. 

Such an instance is illustrated by a bend- 
test furnace with atmosphere control, and an 
electronically actuated strain recorder. This 
equipment has been used for measuring the 
modulus of rupture of beryllium oxide at 1760° 
C. (3200° F.). In operation, small cylindrical 
test specimens are subjected to three-point 
loading in a helium atmosphere. Preliminary 
results indicate that the properties of hot 
pressed specimens are better than those of 
either cold pressed or slip-cast specimens. 

In a related investigation, similar equipment 
has been used to evaluate creep at 1000 to 
1200° C. (1830 to 2200° F.) in synthetic sapphire 
(alpha Al,O;). Specimens (0.1 in. in diameter 
by 3 in. long) are stressed in three-point loading 
while being maintained at the test temperature. 
In this instance, the electrically measured creep 
rates reveal a second power dependence of 
creep rate upon stress intensity. 

In still another study, engineers devised 
equipment to evaluate the performance of 
ceramic materials under conditions of aerody- 
namic heating in space vehicles and missiles. 
Flat plate specimens are exposed to the blast 
of a small rocket motor simulating Mach 4 or 
(Figure 1 illustrates the setup.) 
Temperatures rise as high as 2760° C. (5000° 
F.). As a result of these tests, a new material, 
slip-cast fused silica, has been proven superior 
to sintered Al,O; and “Pyroceram™*. 


5 velocities. 


Metallographic Techniques 


Such well-known metallurgical tools as micro- 
hardness measurements and special metallo- 
graphic techniques are now playing important 
roles in several highly significant programs. In 
one such investigation, thermal etching —a 
technique much like heat tinting in metallogra- 
phy — is being applied to a fundamental study 
of Al.O, in the form of synthetic sapphire. 
First, a polished specimen is heated in air to 
1900° C. (3450° F.); this develops a fine micro- 
scale relief which reveals the existence of dis- 
locations, subgrain boundaries, growth layers, 
and plastically deformed regions. Knoop micro- 
hardness surveys of these areas show that the 
crystals are markedly anisotropic. In certain 
directions, appreciable plastic flow is evidenced 
by the appearance of slip lines adjacent to the 
microhardness indentations. Severe fractures, 
with no detectable plasticity, are also observed 

*A type of glass almost completely insensitive to 
thermal shock. 
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Fig. 2 — Microhardness Tests on a Single Crys- 
tal of Sapphire (Al,O; Plus Approximately 
0.05% Total Impurities, Principally Iron and 
Nickel). Patterns of indentations show aniso- 
tropic behavior as a function of orientation of 
Knoop indenter with respect to striations devel- 
oped by thermal etching. Magnification 150 x , 
thermally etched in air at 1900° C. (3450° F.) 


Fig. 3 — Microhardness Tests on a Basal Plane 
of a Single Crystal of Sapphire. Striations 


developed by thermal etching are parallel to 
the 1230 direction and irregular contours 
result from imperfection concentrations not 
fully identified. Magnification 1000 x, ther- 
34509 F.) in air 


mally etched at 1900° C. 
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at indentations having different orientations in 


the same crystal. 
these effects. 


Figures 2 and 3 illustrate 


Applying X-Ray Analysis 


In another test method, X-ray analysis is 
applied to evaluate internal stresses in poly- 
phase ceramic systems. Of the many factors 
affecting the properties of polyphase ceramic 
bodies, the internal stresses that result from a 
mismatch between thermal expansion coeffi- 
cients are most difficult to handle quantita- 
tively. In this investigation, back reflection 
X-ray diffraction is employed to detect internal 
strain in the Al.O, phase of a system containing 
Al.O; and a glassy phase. Internal stresses are 
determined in terms of the shift in intensity 
peaks resulting from heterogeneous thermal 
contraction between the two phases. Selection 
of several specific glassy phases with expansion 
coefficients above and below that of Al.O,; per- 
mits internal stresses to be thoroughly studied 
at various intensities. 


Evaluation of Specific Materials 


Among the available materials for applica- 
tions in space technology, ceramics occupy an 
enviable position. With recent notable ad- 
vances in ductile ceramics, these materials offer 
potential combinations of virtually all of the 
engineering properties needed for structural 
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Fig. 4— Throat Dimen- 
sions of Graphite Rocket 
Nozzle Are Checked 


applications at elevated temperatures. Recent 
research on specific ceramic materials has been 
aimed at evaluating these properties more accu- 
rately, and also controlling more effectively the 
processes for maintaining them at desired levels. 

Illustrative of this type of research is the 
current work on graphite, one of the older 
nonmetallic structural materials. (Figure 4 
shows a rocket nozzle made of graphite.) With 
this material, workers are conducting exhaus- 
tive studies of stress-strain, creep, and relaxa- 
tion properties at temperatures up to 2800° C. 
(5070° F.) In one study, torsional shear proper- 
ties of conventional molded graphite are being 
correlated with strain, stress-rate, strain history, 
and grain orientation. In other investigations, 
a new form of graphite is being studied. 
Termed “pyrolytic graphite”, it is produced by 
pyrolytic decomposition of hydrocarbon gases 
at high temperatures. In comparison to con- 
ventional molded graphite, pyrolytic graphite 
exhibits definitely superior high-temperature 
properties, approaching those of single-crystal 
graphite in many respects. 

Also being considered as a potential struc- 
tural material is aluminum oxide, a material 
that has received major attention in recent in- 
vestigations. Here is another illustration in 
which metallurgical research techniques are 
being used with ceramic materials. Researchers 
have adapted the (Continued on p. 146) 
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Forming Galvanized Sheet Steel 


By PAUL G. NELSON* 


Galvanized sheet — either differentially coated or protected 

only on one side — is receiving a great deal of attention 

because of its potential in auto bodies. Preliminary experience indicates 
that it can be formed as readily as uncoated steel 

but not with the same tooling. (G-general, F29s; ST, 8-65, Zn) 


Ix. RECENT YEARS, the steel mills have 
made great strides in improving the adherence 
of zine coatings applied to galvanized sheets. 
It is possible to form parts that could not have 
been made previously without loss of corrosion 
resistance in severely formed areas. 

These new galvanized steel sheets are gener- 
ally produced from cold rolled coils that are 
annealed under controlled atmosphere condi- 
tions which prevent oxidation. After annealing, 
the coils are passed continuously through a 
molten zinc bath where exit rolls control thick- 
ness and uniformity of coating. The galvanized 
coil may then be supplied as coil or sheared 
into sheets. 


Properties of Galvanized Sheet 


Galvanized sheets are supplied in the same 
grades as uncoated or “black” steel — commer- 
cial quality, drawing quality and aluminum 
killed. They may also be supplied annealed or 
annealed and temper rolled. Temper rolling 
must be done after galvanizing if stretcher 
strain markings are to be avoided. Some manu- 
facturers have facilities for galvanizing box- 
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annealed sheets. Box-annealed sheets generally 
are softer and somewhat more ductile than 
equivalent grades of continuous-annealed 
products. 

Table I shows typical mechanical properties 
of continuous-annealed compared to box-an- 
nealed galvanized sheets. For comparison, prop- 
erties of typical box-annealed “black” sheets are 
also listed. 

These results show that yield point and ten- 
sile strength of continuous-annealed galvanized 
steel are consistently higher than the equivalent 
values of regular grades of uncoated steel. 
Values for elongation in 2 in. are also generally 
lower than those of “black” steel. Elongation to 
maximum load or uniform elongation values 
compare more favorably with uncoated steel. 
This behavior is characteristic of continuous- 
annealed steel. 


Selecting the Proper Grade 


Galvanized steel grades can be selected by 
a method similar to that outlined for uncoated 


‘*Superintendent, Production Laboratory, Budd 
Co., Philadelphia. 
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Table I— Properties of Galvanized and Uncoated Sheets 


(0.035 In. Thick) 


TENSILE 
STRENGTH 


YIELD 


SHEET*® 
PoIN1 


ELONGATION 
In 2 IN. 


OLSEN 
Cup 


RocKWELI 
HARDNESS 


UNIFORM 
ELONGATION 


BA galvanized, KS 28,000 psi. 46,000 psi. 

CA galvanized, CQ = 42,000 52,000 30 
CA galvanized, DQ | 40,000 50,000 32 
CA galvanized, KS 40,000 50,000 37 
BA black, CQ 33,000 46,000 38 
BA black, DQ 28,000 45,000 42 
BA black, KS 26,000 44,000 42 


410% 


22% B-47 0.385 in 
18 58 0.370 
20 0.375 
24 58 0.390 
18 Hh 0.390 
22 +3 0.390 
25 +] 0.400 


continuous annealed; 


*BA 
quality; KS 


box annealed; CA 
killed steel. 


steel. Table II indicates probable choices of 
grade for various classes of stampings. Con- 
tinuous-annealed killed steel is considerably 
inferior to box-annealed killed steel sheet. The 
continuous-annealed killed sheet has finer grain 
size, a less favorable equiaxed grain shape, and 
is more susceptible to quench aging than box- 
annealed steel. Because of these factors, con- 
tinuous-annealed killed steel does not offer 
much advantage over rimmed steel in most 
forming operations. Conversely, galvanized box- 
annealed killed steel has better formability than 
other grades. 

Some of the disadvantages of poorer mechani- 
cal properties of galvanized steel are offset by 
the lower coefficient of friction of the zinc coat- 
ing. Where actual drawing or a combination of 
drawing and stretching is done, greater reduc- 
tions are possible with galvanized steel than 
with uncoated steel of similar properties. 


How to Get a Good Surface 


Pricr to its use in the automotive industry, 
galvanized steel rarely was required to be 
free from stretcher-strain markings after form- 
ing. Usual mill practice for this steel did not 
require temper rolling, an operation normally 
applied on uncoated steel for exposed parts. 
Instead of temper rolling. it has been common 
mill practice to roller level. Roller leveling 
eliminates the fluting which occurs when parts 
such as pipe are rolled. However, it causes 
numerous small coil breaks perpendicular to 
the rolling direction. These coil breaks are not 
objectionable in most galvanized steel parts. 
but when aging occurs, they cause nonuniform 
stretching in the rolling direction in subsequent 
forming operations. The nonuniform nature 
of this deformation reduces the elongation that 
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CQ 


DQ —drawing 


commercial quality; 


Table Il — Severity Classification for Parts Made 
From Galvanized Steel 


Exposep Partt UNEXPOSED Partt 
CLAsSs 

] Commercial quality | Commercial quality 
CA or BA CA or BA 

2 Commercial quality | Commercial quality 
CA or BA CA or BA 

3 Drawing quality Commercial quality 
CA or BA CA or BA 

t Killed steel Killed steel 
CA or BA CA or BA 

5K Killed steel Killed steel 
BA | BA 


*Higher numbers indicate greater severity. See 1955 
A.S.M. Metals Handbook Supplement, Table I, p. 2 
(Also in Metal Progress, 


for additional information. 
Aug. 15, 1955, p. 2). 


{CA— continuous annealed; BA— box annealed 


can be obtained. Also, the rough appearance is 
objectionable for exposed parts. 

For most automotive parts the type of form- 
ing will not require antifluting characteristics. 
Therefore, roller leveling at the mill may be 
eliminated. It should also be omitted where 
parts must be free of stretcher strains after 
forming. However, steel for exposed parts 
must be temper rolled at the mill after being 
galvanized. Because some aging with accom- 
panying propensity to stretcher strain will occur 
even in killed steel, roller leveling is usually 
required on steel used for exposed parts. This 
must be done in the fabricator’s plant shortly 
before forming rather than at the steel mill. 


Flaking Is a Problem 


A common problem encountered in forming 
of galvanized sheet is flaking. Flaking occurs 
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in operations such as drawing and channel 
forming where severe wiping occurs. It is 
usually not severe eriough to cause loss of cor- 
rosion resistance. Nevertheless, the faked zinc 
must be removed from recesses and other inte- 
rior parts of dies. If allowed to accumulate, it 
will result in excessive loads being built up in 
dies and presses with possible breakage. Lubri- 
cation is usually less troublesome with galva- 
nized steel than uncoated because the zinc coat- 
ing generally prevents die “pickup”. Straight 
mineral oils are satisfactory lubricants. 


New Trends in Galvanized Sheet 


Some galvanized sheet is being supplied in 
differentially coated form. This steel is proc- 
essed by a method similar to that used on 
regular galvanized steel but most of the zinc 
is wiped from one surface as it emerges from 
the galvanizing pot. The sheet has a zinc coat- 
ing of about 0.60 oz. per sq.ft. on one side and 
about 0.10 oz. per sq.ft. on the other. The 
principal purpose of thinner coating is to pro- 


vide better spot welding characteristics. Form- 
ing properties of the differentially coated prod- 
uct are equivalent to those of regular coated 
steel if other mill processing methods are 
similar. 

Other developments are sheet which is gal- 
vanized only on one side and nonaging galva- 
nized sheet steels. A sheet with no zinc on one 
side would have welding and painting advan- 
tages. Nonaging steel will be needed for 
severely formed parts. However, the most 
widely used grade will probably be commercial- 
quality continuous-annealed galvanized sheet 
since drawing-quality and killed steel will not 
offer the same advantages as those found in 
uncoated sheet. The vastly different properties 
of this product will require modifications of 
tools if satisfactory parts are to be made. It 
appears highly unlikely that galvanized sheets 
and uncoated sheets may be formed inter- 
changeably on the same tools, but with proper 
tooling, galvanized steel will probably be no 
more difficult to form than uncoated stecl. @& 


Formability Tests for Sheet Metal 


By TOM BISHOP* 


A cheap and rapid test which can be performed in the shop 
and which duplicates shop conditions is still unknown. 

The best that our present laboratory tests can do is to 

classify samples as to grades or quality levels. (Q23q, 1-54; 4-53) 


A INTERNATIONAL GROUP of inetallurgists 
and testing engineers met in Paris late in May, 
amid the debris of the Summit Conference, to 
discuss the shaping of sheet metal and tests to 

*Consulting Editor, Metal Progress; member of 
the firm of John Miles & Partners (London) Ltd., 
consulting engineers to the metallurgical industries. 
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determine formability. It was attended by over 
200 men coming from 15 countries. The collo- 
quium was organized jointly by the Inter- 
national Deep Drawing Research Group (G. 
de Witte of Holland, president ) and the Société 
Francaise de Meétallurgie (M. H. de Leiris, 
president). The first mentioned group, 
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founded in 1957, seeks to achieve closer inter- 
national cooperation in the testing of sheet 
metal for formability and to arrange faster 
international standardization of such tests. 


Formability 


Formability includes only one of the many 
fields of technological tests dealing with the 
mechanical behavior of metals. (Among others 
are strength of boiler steels, brittle fracture of 
hard metal, and creep.) The one big difference 
is that the information obtained from form- 
ability tests can be compared directly with the 
performance of the metal during its fabrication, 
whereas other tests are concerned more with 
application of the metal after manufacture. As 
President de Witte of the Research Group 
pointed out, formability tests apply to what 
will happen during fabrication, while most 
other tests apply to what is vaguely feared 
might happen later. 

Many metallurgists and sheet-metal users 
are not satisfied with the testing methods cur- 
rently available. Some hard-headed production 
executives wonder if anything has been 
achieved at all, when they are informed from 
certain quarters that the original tensile test 
is very poor in predicting drawability, or (on 
the other hand) that the old Erichsen or Olsen 
test may not be considered as a deep drawing 
test, or that the Rockwell hardness does not say 
anything essential to performance in the stamp- 
ing shop. When we look at the actual routine 
testing program of most producers and users of 
sheet metal, scarcely any change is observed 
from the types of tests now in daily use com- 
pared with those in decades past. Is there any- 
thing wrong with the development of form- 
ability tests? It would seem from what was 
said at the conference that the matter is indeed 
as difficult as it appears. 


Terminology 


Accurate definition of terms like formability, 
drawability, deep drawing capacity, stretch- 
ability and ductility are essential before true 
understanding can be achieved. These words 
are used in speech and in print as if everyone 
understands quite clearly what is being spoken 
about, yet many would be at a loss to give a 
succinct definition of even one of them. Hap- 
pily accuracy in terminolocy is now increasing 
in technical literature. 

One aspect of formability relates to a given 
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job in the press shop; sometimes “specific 
formability” is used fer this. 

Another aspect could be called “general 
formability”. Most metals can, in practice, be 
classified by grading, the higher the grade the 
more difficult the jobs which can be done on 
the sheet, so that “general formability” increases 
with the “grade number”. A test which dis- 
criminates poorly between a certain set of sheet 
grades can theoretically be an excellent one 
with regard to a certain specific formability — 
and conversely. 

The third aspect of the use of such words is 
neither directly related to the press shop nor 
to the assessment of grades, but to numerical 
test values. 


Requirements of a Test 


A logical approach is to choose a testing 
method which assesses one different grade of 
sheet metal as distinctly from another as pos- 
sible, or which can give maximum information 
and differentiation about the degree of consist- 
ency of a certain sheet quality within one ship- 
ment or one grade of sheets. The discriminating 
power of the testing method must be high, 
although the variables are such that it is often 
impossible to compare discriminating power of 
different criteria in a positive sense. It is of 
course dangerous to generalize and extrapolate 
results beyond the limitations of the experi- 
ments themselves. 

In other words, the actual discriminating 
power depends on both the test and the sheet 
characteristics. This shows that one universal 
method of testing general formability cannot be 
devised with an adequate discriminating power 
for all metals, and, at the same time, for a 
given metal for whatever system of grades. As 
was observed at the meeting in Paris, this con- 
clusion must be a great relief to manufacturers 
of testing machines! 

It must be decided whether a testing method 
or numerical value gives either basic or tech- 
nological information. A fundamental char- 
acteristic is defined as one whose values does 
not depend on the way it has been determined. 
Thus, many quality factors are not fundamental 
—yield strength and uniform elongation are 
examples of this. A fundamental test value 
does not depend only upon the details of the 
testing method; the value is also dependent 
upon the essential characteristics of the material 
being tested. 
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Sampling and Interpretation 


Another difficult problem before the sheet 
metal user is that of sampling. How should 
the inspector take a sample of a shipment so 
as to be sure that the test result is truly repre- 
sentative of the lot? Is it even permissible to 
attribute a certain level of quality to a single 
sheet (inhomogeneity is possible), or has one 
to accept a mixture of quality levels with a 
certain average value and statistical spread? 
The example was quoted in the event that one 
lot of wide sheets of rimming steel should be 


Fig. 1 — Curves Reveal That 
Limiting Drawing Ratios as 
Determined by Swift Test Do 
Not Follow Clearly the Det- 
rimental Effect of Increased 
Aging on Skin-Passed Sheet 


Hemispherical Punch 


finished part hardly assesses materials in an 
adequate manner —there is the condition of 
the machine and the tools, the facilities for 
adjustment, and the type of lubrication (to men- 
tion three factors). Consequently, the results 
in a press shop tend to lead to a statistical 
rather than to an incidental type of study. 


Cup Forming Tests 


Cup forming tests are still very widely used 
for assessing sheet metal. Many of the con- 
tributions at the Paris colloquium endeavored 
to analyze their efficacy. 
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5 Min. 15 Min. 1 Hr. 2 Hr. 4 Hr. 


Steel. Best correlation — still 
not pronounced enough for 
practical use —came when 


Flat-Nosed Punch 


1:1 % Ellipsoidal Punch 


tests were made with an el- 
lipsoidal punch having a 
minor-to-major axis of 1:1% 
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1:1% Ellipsoidal Punch 


1:1% Ellipsoidal Punch 


1:2 Ellipsoidal Punch 


used for making thimbles or bathtubs. In the 
first, the thimbles will consider the sheet as a 
material consisting of parallel zones of quite 
different properties, edge to edge, whereas the 
bathtubs will not. Again, how should one 
sample in these two instances? 

A further problem concerns the interpretation 
of laboratory results by the press shop. Three 
possibilities may occur: 

1. The pressing runs faultlessly without any 
difficulty after the first adjustment of the press. 

2. Periodic adjustment avoids failures. 

3. Failures occur notwithstanding continuous 
control of the adjustment. 

Thus, even the action of the press and the 
complexity of straining between flat stock and 
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100 1000 
Aging Time, Sec. (at 212° F.) 


10,000 


There was no general agreement as to 
whether cup forming tests are adequate for 
certain larger pressings. It was, however, 
thought logical to consider the test as a specific 
one in a press shop that used the testing 
machine itself for production purposes, or 
which operated the testing machine under con- 
ditions as near as possible to those existing in 
production. If metal is drawn at ratios which 
are different from those actually used in the 
press shop, the test information may be com- 
pletely wrong. 

It results that, while the cup-forming test is 
a very useful one, a measure of caution on 
drawing ratios is necessary. As with other 
methods of testing, the limits of validity of a 
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test result should generally be determined, 
rather than merely cite its limitations. Is it 
better to examine the experience so far gath- 
ered by existing technological testing methods, 
or to propose new ones? The general tone of 
the meeting seemed to suggest the former 
would be the better plan. 


The Swift Test 


The research department of the Metals Divi- 
sion of Imperial Chemical Industries in Bir- 
mingham, England, investigated the Swift cup- 
ping test, now some 30 years old, to determine 
the reproducibility and correlation of its results 
on three independent presses and four types of 
metal, namely rimming and stabilized steel, 70- 
30 brass, and aluminum. It was found that 
aluminum imposed the strictest limitations; 
an increment in blank size of 1.25 mm. (when 
determining the “limiting drawing ratio” or 
L.D.R.) appeared to be too highly discrimi- 
nating for this metal. This L.D.R. may be 
defined as the maximum blank diameter divided 
by the punch diameter, and the maximum blank 
diameter is defined as “that diameter of blank 
for which there is an equal chance of success 
and failure”. 

Nature and smoothness of surfaces of both 
punch and die have an important influence on 
cupping results, and various types of surface 
were used to “test the test”. It was found that 
surface roughness of brass and aluminum 
blanks made little difference to the L.D.R.., 
though with a rough punch and smooth die the 
drawing performance of smooth aluminum 
sheet was two increments better than for the 
rougher sheet. 

With all combinations of tooling, “rough” 
steel drew better than smooth. (Measured on a 
“Talysurf” instrument in micro-inches, center- 
line average, the “rough” steel was 60 to 70 
and the smooth steel 35 to 45.) It was found 
both from correlation tests and surface rough- 
ness tests that the increment in limiting draw- 
ing ratio for alumiaum should be doubled (from 
0.025 to 0.050) to give comparable results with 
brass and steel. 

The elaborate precautions in this and other 
investigations to correlate results could never 
be taken in a standard shop floor test. This 
must be cheap and rapid. Nevertheless, the 
conclusion was reached that only by extremely 
careful and possibly tedious investigation 
could a simple and reliable shop floor test 
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(which is certainly needed) be developed and 
the governing variables of the cupping oper- 
ation be specified. 

Work by Ullmann and others at Richard 
Thomas & Baldwins Limited on the Swift test, 
using a variety of punch shapes, showed that 
it did not provide a close correlation between 
the expected formability of a steel and the 
length of time it had been aged (Fig. 1). This 
is unfortunate, since a major cause of split and 
imperfect stampings is the use of rimming steel 
which has aged. (“Aging” is first observed as a 
kink at the yield point on the stress-strain curve, 
and next by a rise in the yield point, which can 
be of the order of 9000 psi. for fully aged 
material.) 


Conclusion 


While it is difficult to summarize the con- 
clusions of an extensive conference in a few 
sentences, some remarks may be quoted made 
by Prof. O. Svahn of the Institutionen fiir Meka- 
miok Teknologi, Goteborg, Sweden, one of the 
initiators of a small international group to 
standardize cupping tests in 1954 from which 
the present International Deep Drawing Re- 
search Group emerged: 

“The object of the work in progress is to im- 
prove knowledge about different materials suit- 
able for deep drawing and about methods to 
force them into a certain form in the simplest, 
most effective and cheapest way. Many testing 
methods are available—some simple, some 
complex — yet no single one is universally 
satisfactory. Simple ones are preferable but 
they do not always correspond to the facts of 
life. The theoretical side is now fairly clear; 
we can analyze the demands made on the metal 
during deformation. But metallurgical condi- 
tions and physical demands on the metal re- 
quire further basic research to find why the 
metal reacts in a given way. Such a reaction 
should be studied from two viewpoints — (a) 
material behavior due to its inherent properties, 
and (b) behavior due to external forces, tool 
shape, roughness, lubrication, speed and 
temperature. 

“Future requirements are better materials for 
deep drawing, better methods for industrial 
practice, and evolution of simple tests which 
can be standardized internationally. This con- 
ference forcibly illustrates the fact that there 
is still a long way to go to achieve these 


objectives.” 
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Progress With 25% Nickel Steels 
for High-Strength Applications 


Nickel steels containing 18 to 27% Ni have high strength 

and excellent cold working characteristics. Properties result from 
a combination of precipitation and transformation hardening. 
(A-general, Q-general; Fe-b, Ni, SGB-a) 


Worx HAS BEEN UNDER WAY for some time 
at the Bayonne Research Laboratory of the 
International Nickel Co., Inc., on the evalua- 
tion of experimental low-carbon (less than 
0.05%) nickel steels for high-strength ap- 
plications. The new series is responsive to 
combined precipitation and transformation 
hardening when annealed, air cooled and aged. 
Nickel content may be varied fiom about 18 
to 27%. Response to precipitation hardening 
derives from controlled additions of titanium 
and aluminum. 

In this progress report, all information is 
based on laboratory heats. Alloy compositions, 
treatments and properties discussed are the 
results of a continuing program of evaluation. 


20% Nickel Gives High Strength 


\ 20% nickel steel of the type under develop- 
ment will undergo transformation from austen- 
ite on air cooling from a solution annealing 
temperature of about 1500° F. and will have 
an annealed hardness of about Rockwell C-35. 
Aging at 850 to 1000° F. results in precipitation 
hardening. Composition, heat treatment and 
resultant properties are as follows: 

Composition: 30 Ni, 1.7 Ti, 0.2 Al, 0.4 Cb. 

Heat Treatment: Anneal 1 hr. at 1500" F., 
air cool; age 1 hr. at 950° F. air cool 

Data cited in this article were furnished by 
©. G. Bieber, head, special alloys section, Research 
Laboratories, Development and Research Div., 
International Nickel Co., Bayonne, N.]. 
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Tensile properties (standard 0.252-in. diam- 
eter specimen): 

Yield strength (0.2% offset) 270,000 psi. 

Tensile strength 279,000 psi. 

Elongation 12% 

Reduction in area 57% 

Notched tensile strength 323,000 psi. 

Data on notched tensile strength were ob- 
tained on specimens with a parallel section 
diameter of 0.300 in. and a 60° circumferential 
notch at midlength. Root radius of the notch 
was 0.0006 in., depth about 0.045 in. 

The 20% nickel steels may be cold worked 
and they are characterized by a_ particularly 
low work hardening rate. One steel with an 
annealed hardness of Rockwell C-36 had essen- 
tially the same hardness (Rockwell C-37) after 
being cold worked 70%. Stress-strain curves 
also reflect this low work hardening behavior. 


Two Aging Treatments Needed 


A steel containing 25% Ni has a somewhat 
lower Msg temperature than does one with 20% 
Ni; consequently it can be solution annealed 
to a lower hardness (Rockwell C-5 to 15). After 
annealing and prior to final aging, the 25% Ni 
steels must be heated to about 1300° F. for 4 
hr. and air cooled to provide the desired hard- 
ening and transformation. At this temperature, 
the titantum and nickel held in solid solution 
are precipitated as a complex. The depletion 
of these two elements from the austenite matrix 
raises the Mx temperature of the steel so that it 
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Table I — Notched and Smooth Bar Tensile Properties of 25% Nickel Steels 


SMooTH Bar 
TREATMENT 


Bar Smootu TENSILE 
TENSILE* Ratio 


| NorcHep NorcHED TO 

ELONGA- REDUCTION | 


YIELD TENSILE 
TION | IN AREA 


Composition: 24.3% Ni, 1.6% Ti 


1500° F., 1 hr.t; —100° F., 16 hr.; 
850° F., 4 hr. 

1500° F., 1 hr.; cold reduced 50%; 
— 100° F., 16 hr.; 850° F., 1 hr. 


234,000 psi. | 253,000 psi. | 14% 


| 402,000 psi. 


| 267,000 275,000 | 12 | 61 


| 249,000 281,000 


1500° F., 1 hr.; cold reduced 50%; | 


850° F 


mo 


254,000 280,000 


Composition: 27.6% Ni, 1.5% Ti, 0.15% Al, 0.43% Cb 
1500° F., 1 hr.t; 1250° F., 4 hr.; —100° | 
F., 16 hr.; 850° F., 1 hr. 


13 273,000 0.97 


13 364,000 1.30 
| 


*All notched tensile data were obtained on specimens with a parallel section diameter of 0.300 in. and a 60° circumferential 


notch at midlength. 
K, of 10. 
tAnnealed hardness: Rockwell C-25. 


undergoes at least partial transformation when 
cooled to room temperature. Refrigeration at 
about —100° F. may be applied, if necessary, 
to promote further transformation. 

This treatment is followed by a final age of 
1 hr. at 850 to 950° F. Composition, treatment 
and representative properties achieved for a 
given steel of this type are cited below: 

Composition: 24.8 Ni, 1.6 Ti, 0.18 Al, 0.4 Cb 

Heat treatment: Anneal 1 hr. at 1500° F., air 
cool; intermediate age 4 hr. at 1300°F., air 
cool; age 1 hr. at 950° F., air cool. 

Tensile properties (standard 0.252-in. diam- 
eter specimen): 

Yield strength (0.2% offset ) 

Tensile strength 

Elongation 

Reduction in area 44% 

Notched tensile strength 298,000 psi. 

In the annealed condition, the same steel 
exhibited these properties: 

STRENGTH 

0.2% YIELD TENSILE 


252,000 psi. 
277,000 psi. 
12% 


TREATMENT 

1 hr. at 1500° F., 
air cool 

1 hr. at 1600° F., 
air cool 34,700 114,900 
Elongation was 45%; reduction in area, 68%, 


Good Cold Working Properties 


67,500 psi. 120,600 psi. 


Nickel steels containing 25% Ni are easily 
cold worked. These steels have very good ten- 
sile strength ratios, notched to smooth bar, 
when they have been cold reduced prior to final 
aging. Typical data are shown in Table I. 

Section size appears to have little effect on 
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Root radius of the notch was 0.0006 in., depth about 0.045 in. 


This gave a stress concentration factor, 


tAnnealed hardness: Rockwell C-15. 


properties developed after full heat treatment. 
Final properties are about the same whether 
the steel is furnace cooled or quenched in brine 
from the annealing temperature. The insensi- 
tivity of final tensile properties to such a spread 
in cooling rate from the annealing temperature 
indicates that the steel should respond satis- 
factorily to heat treatment over a wide range 
of section sizes. 


Welding Studies in Progress 


Filler metals and welding techniques are 
currently being evaluated. Fully heat treated 
steels are capable of withstanding the thermal 
shock associated with a welding arc. No pre- 
heat is necessary. A narrow region in the 
heat-affected zone of the parent metal expe- 
riences fairly complete solution-anneal soften- 
ing during welding and post-weld treatment 
is required to restore this zone to its original 
strength level. 


High-Hardness Alloys 


Of more than passing interest are some pre- 
liminary hardness tests made on steels of about 
25% Ni with a combined aluminum and titan- 
ium content of 6 to 8%. When such alloys are 
given a special heat treatment, they develop a 
hardness of Rockwell C-66 to 67. As with the 
alloys of lower titanium and aluminum content, 
these steels are readily hot workable in the solu- 
tion annealed condition. Initial working, at 
least of heavy sections, should preferably be 
performed on material stripped hot from the 
mold and thermally equalized at the desired 
working temperatures. S$ 
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How Electric Home Heat Finally Became a Reality 


The extraordinary versatility of 
Nickel that today brings you electric 
home heat could tomorrow bring a 
solution to a metal problem in your 
own business 


Ever have a metal problem you 
couldn’t find the answer to... and 
then discover that the solution was 
there all the time? 

The people in the electric home 
heating industry needed a resistance 
wire that had special properties: 
strength and durability for long-term 
service — resistance to oxidation and 
extreme heat —good electrical resist- 
ance properties for efficient and eco- 
nomical operation. 

They experimented — tested — then 
found the solution right in their own 
plants. For years Nickel alloy resist- 
ance wire heating elements had made 
dependable performance a reality in 
electric ranges, toasters, dishwash- 
ers, irons—had in fact introduced a 
new concept of quality in modern 
appliances. 

This resistance wire—made of a 
special alloy with a Nickel base—will 
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hold up under years of off-and-on 
heating and cooling. Will resist heat 
and corrosion to give the desired long 
serviceand trouble-free performance. 
Now, Nickel is making electric 
home heat a practical reality. This 
winter, for example, nearly one mil- 
lion American homes will be heated 
electrically. Industry, too, is finding 
electric heat eminently suitable for 
plants, stores, office buildings — all 
types of commercial structures. 


Your metal problem. Whether the 
challenge is one of stress, fatigue, cor- 
rosion or temperature extremes, 
Nickel and its alloys have a durabil- 
ity that’s hard to beat. Next time you 
have a metal problem, think first of 
Nickel. And remember that Inco will 
be glad to supply any technical data 
you may need. Just ask us. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street Anco, New York 5, N.Y. 


Dependable appliances use Nickel. Elec- 
tric ranges, dishwashers, toasters, per- 
colators, irons... all rely on Nickel 
alloy resistance wire heating elements 
for long service life. 


This symbol on a new home is your 
assurance of the ultimate in mod- 
ern electric fiving. Look for it 
when you buy. 


FOR MORE INFORMATION ABOUT 
ELECTRIC HOME HEATING—see 
your local Electric Power Supplier. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Hardenability Bands for Steels 6118-H to 8630-H 


A.LS.L, February 1960 
61xx-H Series may contain 0.20-0.35 Si; C, Mn, Cr and V as shown 


6//8-H | 0.17-0.23C: 0.60-1.00 Mn; | 

O.15-0.21 C 0.60-1.00Cr; Min.V 

sore + FN: +—+— 0.40-0.80 Mn 

O.40-0,80Cr - Ne —t- +— N:/700 

én ae! 0.10-0.15V | A:1700 


| 
be 


30 


20 |_| l 
81B45-H may contain 0.75-1.05 Mn, 0.20-0.35 Si, 0.15-0.45 Ni, 0.30-0.60 Cr, 0.08-0.15 Mo, 0.0005 min. 


| 0.47-0,54C; 0.60-!.00 Mn: 81B 45-H 
“S 0.42-0499C¢ | 


© 


6/150-H 


i 


Mn, 0.35-0.75 Ni, 0.35-0.65 Cr, 0.15-0.25 Mo 


“86/7-H | | | | 8620-H’ | 
| | | -0.23C 


+ 


| 


| 


+ + 


Rockwell Hardness, C Scale 


| | 6625-H 
| | 0.22-0,28¢c 
} | 


_| 
A: 1600 


26 
| 


| | 8630-H | | 
| 
| 


| 


0,24-0.30C 


— 


Distance From Quenched End of Specimen, Sixteenths 


N means normalizing temperature for forged or Hardness limits are specified in Rockwell C-scale 
rolled material; A means austenitizing temperature units (no fractions) and can be scaled from the plotted 
(both as recommended by S.A.E.) points where not labeled at even sixteenths. 
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Got Critical Applications? 
Check These. Advantages of 


and 


etter quality in the finished part, properties to 
severe manufacturing processes, 
fewer rejections—these are some of the cost savings 
of vacuum melted materials from Allegheny Ludlum. 
A-L vacuum melted steels and alloys are specified 
for really critical applications—places where their im- 
proved metallurgical and mechanical properties get 
a chance to go to work. Aircraft and missile designers 
find vacuum melted alloys especially useful in solid 
fuel rockets, and in the missile and jet engine fields. 
Other important uses are critical parts for machinery 
and chemical processing equipment. 
Low alloy steels, bearing steels, stainless steels, and 
high temperature alloys all take on new value when 


vacuum melted at Allegheny Ludlum. These steeis 
and alloys are available in all commercial mill forms— 
plates, sheets, strip, billet, bar, wire, tubes, and 
even extrusions. 

Three different vacuum melting processes are used 
at A-L to provide you with the exact properties you 
need at the lowest possible cost. For more informa- 
tion on A-L’s vacuum melting processes and their 
advantages, write for your copy of the new booklet, 
“Modern Melting at Allegheny Ludlum.” 
tains technical data on new melting techniques and 


It con- 


the quality improvement in alloys. Allegheny Ludlum 
Steel Corporation, Oliver Building, Pittsburgh 22, 
Pennsylvania. Address Dept. MP-11. 


ALLEGHENY LUDLUM 


PIONEERING on the Horizons of Steel 
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Circle 2052 on Page 48-8 


? 
oy Greater cleanliness 
Improved soundness | 
vecieased gas content | 
Enhanced mechanical properties 
Superior hot and cold workability | 
| (Less anisotropy) 
100-C 


Bausch & Lomb salutes: 


NM. Hatherly 
L.E. Samuels 


... Blue Ribbon Award Winners, 1959 A.S.M. Metallographic Exhibit 


BLUE RIBBON AWARD 
WINNERS for best photo- 
micrograph in the Carbon and 
Alloy Steels (Wrought) class— 
Messrs. M. Hatherly and 

L. E. Samuels, Australian 
Defence Scientific Service, 
Defence Standards 
Laboratories, Sydney, 
Australia. 


THEIR AWARD-WINNING 
PHOTOMICROGRAPH, MADE 
WITH A BAUSCH & LOMB 
METALLOGRAPH— 
‘‘Martensite in lamellar form 
in FE-Ni-C alloy.” 


Bausch & Lomb Metallographs help industry boost 
output and maintain quality by providing detailed 
magnified images—visual or photographic—for routine work and advanced research. 


The B&L Research Metallograph is one of a complete line of metallographic equipments. 
It provides ready choice of four different views of the same sample—by bright field, dark field, 
polarized light, or phase contrast—ensuring complete identification. 


Find out how these faster, easier, completely dependable 
analyses can help you save on time and materials. . 
Write for Catalog E-240, and for complete expert advisory service. 
No obligation, of course. Bausch & Lomb Incorporated, 
63811 Bausch St., Rochester 2, N.Y. 


Circle 2053 on Page 48-B 
METAL PROGRESS 


: ; j 
: 
I 
‘ Y / 
Yj, ‘4 . 
Yi f Vif / y/ / 
j 
7 
“Up 
j A 
. 
a Be \— 
cd ‘BAUSCH 6 LOMB 
America’s only complete optical source. . . from glass to finished product. 
‘ 


Quenching in the 
Automatic Production Line 


By O. E. CULLEN* 


This article discusses the factors involved in designing 

the quenching section of a heat treating line for automatic operation. 
To realize true economies, the engineer must balance the costs 

of new equipment against the savings which can result from less labor 


and lower rejection rate. (J26, 18-74) 


Rurw STRIDES in automatic operation in 


the various fields of metal processing have 
inspired engineers to apply similar methods to 
heat treating lines. Since the quenching oper- 
ation is an integral part of the heat treating 
process, we must also consider the possibilities 
and practical aspects of introducing automation 
into quenching. 


Some of the Problems 


However, before deciding on automatic 
operation, questions concerning its real advan- 
tages should be answered: 

® Can we make full use of such innovations 
in our particular process? 

* Will automatic quenching be helpful be- 
cause it eliminates handling, or improves the 
quality of the product, or both? 

* Can it aid in the over-all economics or 
quality of the work which is being handled in 
a continuous production line? 

The advantages we hope to gain from auto- 
matic quenching must also be considered in 
relationship to the entire heat treating process. 
Though savings may be possible by cutting 
down handling costs, they must be balanced 
against the added costs of additional heat treat- 
ing equipment, maintenance, equipment super- 
vision, and safety precautions. 

Many are the problems involved in con- 
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verting to automatic operation. We must con- 
sider the handling of the work ahead of the 
quenching step, and also how we are to move 
material through the heat treating furnace. 
This may include a study of the practicability of 
using trays, fixtures, plugs and the like. We 
may have to determine how the work is to be 
brought to the heat treating furnace so that it 
can be loaded economically in the necessary 
manner. We must study the added equipment, 
both automatic and manual, from the stand- 
point of its intricacy and the possible mainte- 
nance problems which may be involved in its 
upkeep. After all, fully automatic lines may 
be beautiful to look at, but they are only 
serviceable when they are operating. 

The supervision required for automatic 
equipment must be considered, not necessarily 
from the standpoint of the labor no longer 
needed (as compared to the labor needed for 
manual handling), but from the standpoint of 
the technical knowledge required. Naturally, 
the cost for good supervision must be com- 
pared with that for proper manual operation. 
More safety precautions may be needed. We 
must take into account the cost of these added 
features as part of the price we pay for the 

*Chief Metallurgist and Manager, Research and 


Development Dept., Surface Combustion Div., 
Midland-Ross Corp., Toledo, Ohio. 
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Automatic Line in Action. At this point in the gas 
carburizing line, a steady stream of trayloads of 
a wide variety of carburized truck transmission 
parts emerges from the quench tank at the 


development of a fully automatic quenching 
arrangement. 


Some of the Advantages 


However, there are advantages. For one 
thing, automatic quenching procedures are 
possible to some degree regardless of the type 
of product being heat treated. Generally, such 
systems are adapted to quench parts which 
can either be dropped through the quenchant 
onto a conveyer belt (see Fig. 1, p. 103), 
or carried on trays or baskets for further proc- 
essing through the heat treating and production 
lines. Symmetrical parts, such as bearing races, 
shafts, ring gears and the like, can also be 
readily adapted to continuous mechanical 
movement through a heat treating furnace, to 
quenching presses and out of these presses 
under fully automatic conditions. 

However, as the demand for automatic 
quenching increases with the increase in con- 
tinuous heat treat processing lines, we may be 
faced with the necessity for handling, auto- 
matically, some unusual forms of work. Re- 
viewing our progress during the past several 
years, we can take heart in the knowledge that 
many unusual quenching problems which 
would normally require manual handling have 
been successfully adapted to automatic han- 
dling by applying new and improved metal- 
lurgical knowledge to the process. For ex- 
ample, plug quenching has been eliminated in 
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right and enters the washer at the aaper left. 
Due to suitable tray loading and quench station 
design, there is no need for manually handling 
any of these parts for plug or fixture quenching 


many parts by proper selection of quench tank 
arrangement, quenching medium, and quench- 
ing temperature. 


Quench Tank Design 


Let us now consider some features which 
might be needed in automatic quenching set- 
ups. As an example, a quench tank should 
incorporate typical design features which aid 
automatic operation. In conjunction with suit- 
able spacing and fixturing on the trays which 
carry the work through the furnace, the quench 
tank should have suitable agitation (and guid- 
ing for this agitation) to provide uniform 
quenching. It should attain and hold the 
desired temperature in the quenching medium. 

As an example, Fig. 2 illustrates a suitable 
tank. Such a tank, oftentimes in conjunction 
with changes of varying degree in the design 
of a part, the method of prefabricating, or in 
the selection of the alloy, has proven very suc- 
cessful. In many instances, the complete de- 
sign of the heat treating line, including carbu- 
rizing equipment, washing equipment, harden- 
ing furnaces, tempering furnaces, and methods 
of handling between each of these stations, has 
been engineered to meet the needs for special 
quenching techniques so that a fully automatic 
production line could be used. 

In summarizing, we can say that noteworthy 
progress has been made and will continue to 
be made. However, it should be borne in mind 
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Automatic Dump Stand 


Shaker Steel Belt 


Alloy Belt 


1. Weigh 


2. Wash 3. Harden 


4. Quench 


Fig. 1— Typical Line for Hardening and 
Tempering. This and similar lines for 
carburizing, carbo-nitriding, homogeneous 
carburizing or carbon restoration can be eas- 
ily adapted to fully automatic production 


that the most important advantage of auto- 
matic quenching is the elimination of variables 
in the process. We should thus evaluate its 
benefits primarily from this standpoint. Cost 
reduction at this point, if any, should primarily 
result from cutting down on rejects, and from 
the ability to produce consistently a product 
which can be handled more economically after 
the quenching process. 

As might be expected, automatic quenching 
is particularly adapted to large quantities of 


Hood Atmosphere Inlet 


Quench Elevator 


Purge Gas Vent 


Agitator 
Fig. 2— A Well-Designed 


Inclined Steel Belt (Flighted) 


Steel Belt 


5. Wash _ 6. Temper 


7. Rust-Proof (Oiling) 


similar parts, or, at least, to parts having similar 
requirements for quenching. Actually, there are 
no limits to the size or intricacy of shape, or 
even to the extent of fixturing — providing, of 
course, that the other conditions affecting auto- 
matic quenching are under control. We be- 
lieve that today’s knowledge of mechanical 
handling equipment design, handling of 
quenching mediums, and control of metallurgi- 
cal properties of the work favor successful 
automation in almost any situation in which it 
is applied. Furthermore, there is no reason to 
doubt that a correct correlation of material 
selection, machining technique, heating equip- 
ment, and any other auxiliary operations in the 
production line can be complemented by an 
automatic quenching installation. S$ 
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Directional vanes in the | 
oil stream distribute the 
oil flow uniformly. The 
unit is designed to handle 
hot oil up to about 400° F. 
by including combined 
heating and cooling ele- 
ments as well as provi- 
sion for blanketing the 
surface of the hot oil with 
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Modified 4340, Heat Treated to 
270.000 to 300,000 Ultimate 


By J. C. CHANG, F. J. HERR 
and J. W. SWEET* 


Steels made by three methods — basic electric, vacuum induction, 
and consumable arc — were studied and their longitudinal 

and transverse properties evaluated as well as their toughness 
and fatigue resistance both statically and dynamically. 


(Q-general, 3-70; AY) 


Low-attoy HAs BEEN UsED for 
various aircraft components, and S.A.E. 4340 
(nominally 0.40% C, 1.8% Ni, 0.8% Cr, 0.25% 
Mo, aluminum killed ) is a good example. Forg- 
ings heat treated to about Rockwell C-40 hard- 
ness, corresponding to ultimate tensile strength 
of about 180,000 psi., have seen much service as 
attachment fittings for fuselages and wings, for 
bulkheads and for engine mounts. Heat treated 
to a lower hardness (C-32 or 150,000 psi.), it 
makes good jet engine turbine shafts and com- 
pressor disks. Heat treated to a higher hardness 
(C-50 or 260,000 psi.), it has been put into 

*Messrs. Chang and Herr are research engineers, 
and Mr. Sweet is chief metallurgist for the Aero- 
Space Division of Boeing Airplane Co., Seattle, 
Wash. 

tSee “Symposium on Ultra-High-Strength Steels 
in Aircraft Applications”, published by Society of 
Automotive Engineers, New York. 
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landing gear, and more recently into structural 
items for missiles. 

About seven years ago the International 
Nickel Co.+ published the properties of a modi- 
fication of 4340 containing somewhat higher 
content in all alloying elements and with silicon 
raised from the standard 0.25% to 1.5%. Its 
nominal composition is 0.40% C, 0.75% Mn, 1.5% 
Si, 2% Ni, 1% Cr, 0.4% Mo. Basic electric steel 
of this alloy (termed 300M) was studied by 
the Aero-Space Division of Boeing Airplane Co. 
during 1958 and we became convinced that it 
would be a very good alloy for parts requiring 
270,000 to 300,000 psi. tensile strength. While 
this would be most acceptable in forgings for 
aircraft landing gear, it would be even more de- 
sirable for motor cases and fuel tanks for mis- 
siles. The latter, made of sheet perhaps 0.070 
in. thick, had been especially erratic under proof 
test and even in performance. 
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Since this alloy steel is now being 
made by three processes, it was de- 
cided to evaluate the effect of steel- 


Gas Analysis Versus Melting Method 


Basic ELectric VACUUM MELTED AND Cast 


aki h ian of MELTED CONSUMABLE 
making practice on the properties - Gas UNDER SLAG INDUCTION ELECTRODE 
torged bars. Data from this anvestiga- Hydrogen 1 to 20 ppm. <Ippm. < 2ppm. 
tion will be presented in this article. Oxygen 50 to 125 5 to 15 5 to 25 
Next month we will give the results of Nitrogen 30 to. 500 5 to 50 10 to 100 


our studies of sheet and thin plate. 
Steelmaking Processes 


The basic electric steelmaking process has 
been so long established as the method par ex- 
cellence of making quality steels that most of 
the younger generation of American metallur- 
gists have never come in contact with crucible 
steel or acid openhearth. However, they have 
learned that a very minor content of gas has a 
surprisingly detrimental influence on “quality” 
—hence the space given recently in technical 
publications to various ways for vacuum casting 
of air-melted heats. Also they have read about 
the commercial production of steels both melted 
and cast in vacuum in an effort to reduce gas 
content to an absolute minimum. In fact there 
are two such processes; in one the raw materials 
are melted in a crucible by induced electric cur- 
rents (induction vacuum melting) and in the 
other husky bars of the proper steel are used 
more or less as electrodes and an ingot mold 
filled drop by drop in this “consumable electrode 
vacuum melting”. 

W. W. Dyrkacz of Allegheny Ludlum Steel 
Corp. has summarized the case for vacuum 
melting in Metal Progress for May 1959, p. 138, 
by quoting representative gas analy ses of low- 
alloy engineering steels as shown at the top 
of the next column. On the premise that high 
gas content means many inclusions, Mr. Dyrkacz 
said that vacuum-melted steel should (a) be 


cleaner, (b) work better, hot or cold, (c) have 


Table I — Chemical Composition (Range) of 300 M 


better mechanical properties and (d) be 
sounder. He said that consumable electrode 
steel should (a) be cleanest because it avoids 
any contamination from the necessary crucible 
in the induction furnace, (b) be free of ingotism 
and segregation since the metal freezes rapidly, 
drop by drop, (c) be sounder especially in big 
billets and have higher fatigue strength at room 
temperature, especially in transverse directions, 
and finally (d) be less costly than induction 
melted ingots of large size. 

We aimed to ve rity some of these important 
claims by testing forged billets and bars of 
300 M steel obtained from commercial suppliers 
and made by the three processes cited above. 


Materials Under Test 


Four bars of air-melted steel were taken from 
metal for landing gear assemblies and supplied 
by Republic Steel Corp., International Nickel 
Co. and Crucible Steel Co. of America. They 
were of three sizes: 12-in. squares, 4-in. squares 
and 4 x 5-in. rectangles. 

Six bars of induction 
2% X 12 in 


vacuum-melted steel 
ranging from . to 6 X 7 in. were se- 
cured from two heats by Crucible Steel Co. 

Eight bars of sizes ranging from 10 in. square 
to 2 x 4 in. were forged from a single 16-in. 
round ingot made by consumable are melting of 
air-melted electrodes. 

While gases were not determined, the chem- 


Table Il — Representative Longitudinal Tensile Properties 


CONSUMABLI 


ELEMENT Basic Evectric INDUCTION 
ELECTRODE 
Carbo 0.36 to 0.395 0.41 /0.42 0.376 
Manganese 0.68 to 0.79 | 0.82 /0.76 0.46 
Phosphorus 0.007 to 0.016 | 0.004/0.003 0.010 
Sulphur 0.008 to 0.014 0.007 /0.006 0.017 
Silicon 1.44 to 1.72 1.57 /1.60 1.64 
Nickel! 1.75 to 1.85 1.93 /1.88 2.05 
Chromium 0.82 to 0.83 0.84 /0.84 0.98 
Molybdenum 0.38 t0 0.45 | O41 /0.43 0.36 
Vanadium 0.07 to 0.09 0.07 /0.07 0.06 
Aluminum to 0.08 0.077 /0.064 0.095 


UttimaTe  Yietp  ELoncarion R.A. 
Basic electric steel; average of four samples from4 X 5-in. bar 
Mid-radius 291,900 | 244,500 9 36.9 
Center 287,300 | 243,400 10 37.7 
Induction melted; average of samples cut from 4-in. square bar 
Center 285,600 240,000 46 
Midway 282,900 = 242,300 1] 47.5 
Edge 283,700 | 243,100 1] | 48.5 
Consumable electrode; 7 bars ranging from 6 X 11 in. to 2 x 4 
in. Samples cut midway between center and edge | 
Highest 291,400 | 250,000 13.0 50.3 
Lowest 280,700 238,600 11.0 42.2 
Over-all average 285,900 244,800 11.9 47.2 
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Air-Melted 


Fiz. 1—Oxide and Sulphide Inclu- 
sions Midway Between Edge and Cen- 
ter of 4 x 8-In. Bars. Unetched; 75 x 


ical compositions shown in Table I show no 
aberrations, except perhaps that silicon is un- 
duly low in one basic electric bar. The low 
sulphur and phosphorus content is notable and 
leads one to think that inclusions would be 
vanishingly few — an error as can be seen from 
Fig. 1; all varieties have a good many. It can 
be concluded that consumable arc melting in 
vacuo does not of itself eliminate dirt particles. 
This evidence also indicates that quite clean 
steel can be made by vacuum induction melting. 

One of the four air-melted bars (4 x 4 in.) 
had low ductility in transverse direction, 4% 
average elongation and 10% reduction of area, 


Induction-Melted 


Consumable Electrode 


compared with similar tests on the other three 
bars: 7% average elongation and 31% reduction 
of area. Microscopic examination revealed that 
it contained long stringer inclusions, and the 
other three had scattered inclusions as shown 
in Fig. 1. 

Tension tests in the longitudinal direction 
were uniformly good and showed small varia- 
tion whether located at center of bar, edge or 
midway. No influence of steelmaking practice 
could be discovered. The Jominy hardenability 
curve for this analysis is almost a horizontal 
line, so the variation in longitudinal tensile 
properties, bar to bar, is due to testing varia- 
bles, slight variations in tempering response, 
and minor differences in chemical analysis. (All 
microstructures appeared to be 100% tempered 


Radius 0.010 


0-250 


0.353 


2.42 


Fig. 2 — Sub-Size Tensile 


and Notched Tensile Spec- 
imens for Transverse Tests. 
Notch depth and radius 
gives stress concentration 


of 3.3 at root of notch 
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martensite, although X-ray analysis showed 
about 2% of retained austenite in very stable 
condition.) Representative values for the three 
classes are shown in Table II. Even the lowest 
figures noted gave excellent properties, but the 
air-melted bars have somewhat lower figures 
for elongation and reduction of area and the 
consumable electrode bars possessed the best 
longitudinal ductility. 


Notched-Bar Strength 


While “toughness” has traditionally been 
measured by the impact strength of a notched 
Izod or Charpy specimen, the tendency now is 
to appraise this rather poorly defined but im- 
portant property by comparing the tensile 
properties of notched versus smooth tensile 
specimens taken in a direction transverse to 
that of principal extension in forging or rolling. 
Inclusions or other heterogeneities in the origi- 
nal ingot may be expected to play an important 
part in such a comparison, since they produce 
an increasingly damaging banded structure 
with increasing reductions from the original 
ingot dimension. Theory indicates that the 
“notch-strength ratio” of a steel — that is, the 
ultimate tensile strength of a notched specimen 
divided by the ultimate tensile strength of a 
smooth specimen — should be greater than 
unity if the steel is to be able to prevent rapid 
brittle failure from starting at some small exist- 
ing crack or inclusion*. Consequently we gave 
much attention to this matter in our study of the 
300 M steels. 

Since some of the forged bars we wished to 
study were 2 to 3 in. measured in the short 
transverse direction, some of our test specimens 
were correspondingly sub-size, as shown in Fig. 
2. They were threaded at ends for correct and 
secure alignment in the testing machine's grips. 
The unnotched specimens were held to 0.003 


*Epriror’s Footnote — See a series of articles 
in the August issue of Metal Progress on the prob- 
lem of brittle fracture. Landing gears need good 
basic properties such as ultimate strength, yield 
strength, ductility and notch-tensile strength, but 
also (perhaps to a greater degree) other things 
such as resistance to crack propagation, to hydrogen 
embrittlement, and to stress-corrosion cracking. 
Since all these depend on chemical analysis, heat 
treatment, residual stress, rate of application or 
duration of applied stress, and section thickness, 
and since no ideal material has yet been discovered 
which is best at all working temperatures, the 
designer cannot be blamed for figuring on minimum 
ranges of test data rather than the most that can 
be got from a given steel. 
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in. tolerance along the gage length; the V-notch 
0.052 in. deep with bottom radius of 0.010 in. 
gave a stress concentration K, of 3.3. 

When the individual short transverse tests 
from rectangular bars of all three varieties of 
steel are plotted, reduction of area against ulti- 
mate tensile strength, the points all fall within 
a band between 270,000 and 300,000 psi. The 
lowest reduction of area of unnotched trans- 
verse bars from air-melted bars is 6%, the high- 
est 30%, and there seems to be a trend for the 
more ductile to be the stronger. Transverse test 
pieces from vacuum-melted bars had reduction 
of area scattered from 3% to 37.2%; however, 38 
out of 55 had ductility of 18% or greater. 
Range of transverse ductility of the smooth-bar 
tests from consumable electrode bars was 2% 
lowest to 26.6% highest. Fifty out of 54 results 
were about evenly scattered between 6 and 
23% reduction of area. 

When reduction of area is plotted against 
notch-strength ratio (ultimate strength of 
notched tensile specimens divided by ultimate 
strength of smooth specimens) the samples 
from air-melted stock show a scatter between 
ratio of 1.0 and 1.31. Consumable electrode 
stock also seems to scatter between 0.84 and 
1.29. However, Fig. 3 shows what appears to 
be a definite trend for the stock induction 
melted in vacuum, wherein the notch-strength 
ratio appears to go up as transverse ductility 
(reduction of area) increases. 

It would appear from these results, summa- 
rized in Table III, that transverse ductility and 
notch-strength ratio are low for bars of large 
square cross section and for thin rectangular 
slabs (3 in. or less) forged from the consumable 
electrode ingot. The poor results from the 
10-in. bar are thought to be due to deficient 
forging reduction from the 16-in. ingot; a 
macro-etched section shows a pronounced den- 
dritic pattern. Likewise there is some danger 
of too much forging reduction in one direction; 
the short transverse ductility of the 3-in. slabs 
is also deficient. 

Disregarding the one air-melted bar which 
had excessive inclusions, it would appear that 
the transverse properties of the other three are 
comparable to those of the consumable elec- 
trode bars 4 to 5 in. in minimum dimension. 
While the air-melted bar has nowhere near the 
excellent transverse ductility (reduction of area) 
of the induction-melted bars, 4 in. square, the 
former has a much lower price. Likewise the 
lower ductility of some tests plotted on Fig. 3 
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are either from a 6 * 7-in. bar where the ingot 


structure may not have been broken up, or 


from a 2.5 * 12-in. bar which has been too 


severely worked. 
Embrittlement 


Since many aircraft parts are electroplated 
for corrosion resistance, and even the best 
plating techniques may put some hydrogen into 
solution in the steel, the susceptibility of these 
three 300 M steels to hydrogen embrittlement 


O Midway Between Center Edge 


32 3 40 


% Reduction of Areo of Transverse Test Pieces 


1.3 a a 
21.2 
of 
1.1 
O10 
4 Center 
Z09 


Table Ill — Notched-Strength Ratio of Tranverse Bars K,-3.3 


(Figures are averages of three or four tests) 


Fig. 3—Seeming Trend 
Upward of Transvers¢ 
Notch-Strength Ratio 
(Ultimate Strength of 
Notched Versus Smooth 
Bars) as the Reduction of 
Area Increases in Induc- 
tion Vacuum-Melted Steel 


was investigated. The test pieces were cut 
longitudinally, and were similar in design t 


the notched bar shown in Fig. 2; dimensions 


were 3 in. between shoulders, 0.333 in. diam 
eter, notched in center 0.050 in. deep. All were 
Magnafluxed. Bottom of notch was finished 
by rapid rotation under 0.010-in. wire in slurry 
of oil and fine abrasive to remove all tool marks 

Four plating methods were used: 

1. High-efficiency cadmium electrolyte with 
brightener at 20 amp. per sq.ft. followed by « 


AVERAGE 
ULTIMATE STRENGTHS 


Smootu (A) 


(B) 


Air-melted bars 


12-in. square, midway 274,900 341,900 
center 273,600 346,900 
4 & 5-in. bar, midwayt 289,300 313,100 
center 286,100 346,900 
Induction melted bar 
4-in. square, midway 288,200 383.5 
center 284,300 362.3 
Consumable electrode bars | 
10-in square, midway 296,500 307,300 
center 286,100 312,600 
5 X 10-in. bar, midwayt 280,800 308,900 
center 280,000 315,800 
4-in. square, midway 283,500 332,800 
center 284,800 327,200 
3-in. slab, midwayt 279,300 292,100 
center 280,500 301,100 


R.A.. Ratio CHARPY 
SmootH B+A* Impact 

16.3% 1.23 - 
18.8 

24.2 1.07 

19.2 1.26 
35.5 1.33 

35.1 ] .26 18.3 
8.8 1.07 8.6 
4.8 1.09 7.3 
15.3 1.09 9.8 
13.3 1.11 11.3 

1.17 10.7 
13.2 1.14 9.9 
9.6 1.03 9.8 
1.07 7.6 


+ Short transverse test. 
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*A is the maximum ultimate strength of any]test piece in the group. 
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23-hr. bake at 375° F. Plate was 0.0005 in. 
thick. 

2. Standard cadmium electrolyte with bright- 
ener at 20 to 40 amp. per sq.ft. followed by 
23-hr. bake at 375° F. Plate was 0.0005 in. 
thick. 

3. Chromium plate, current density 300 to 
700 amp. per sq.ft., followed by 3-hr. bake at 
600° F. Plate was 0.002 in. thick. 

$. Acid electroless nickel plate (glycolate), 
0.001 in. thick, followed by 3-hr. bake at 
600° F. 

Details of these solutions are given in the 
footnote.* 

Professor Troiano in his recent Campbell 
\lemorial Lecture, summarized in February's 
Metal Progress, p. 112, points out that hydrogen 
in steel induces “static fatigue” — that is, if a 
notched tensile bar of hydrogenated steel is 
loaded slightly less than its normal ultimate 
strength, it will hold the load for a certain time 
but then break. The so-called incubation time 
for fracture is longer as baking time increases 

as the hydrogen in solution decreases). 

Our procedure therefore was to load the 
specimen, which had been notched for K, = 3.2, 
to 75% of the ultimate tensile strength of a 
duplicate but unplated specimen and allow the 
load to remain quietly for 100 hr. Specimens 


*Proportions noted are ounces per gallon. 
|. High-Efficiency Cadmium Electrolyte With 
Brightener 


Cadmium metal 7.0 to 7.5 
Free sodium cyanide 6 to 12 
Total sodium cyanide 17 to 24 
Sodium carbonate 2to4 

Sodium hydroxide 3.5 to 5.0 


Brightener (Rohco Super XL) 1.4% by volume 


>. Standard Cadmium Electrolyte 


Cadmium metal 3.0 to 4.5 
Total sodium cyanide 11.5 to 17.5 
Sodium hydroxide 7.1 te 3.2 
Sodium carbonate 2 to 4 


Brightener (Rohco Super XL) 0.8 to 1.40% 
by volume 
Chromium Plating 
Chromic acid 
Sulphuric acid (as SO,) 
CrO,, to SO, ratio 90 to 100 
Temperature 120 to 140° F. 
4. Acid Electroless Nickel Plate (Glycolate ) 
(Units in grams per liter) 


33 to 54 
0.33 to 0.54 


Nickel chloride 30 

Sodium hypophosphite 10 

Glycolic acid 25 
Temperature 190 to 200° F. 
Thiourea 0.001 


Sodium hydroxide to maintain pH of 4.0 to 4.5 


NOVEMBER 1960 


which were then still intact were considered 
satisfactory. 

All specimens of consumable arc metal, 26 
in number, passed this test after plating and 
baking in the four methods listed. Specimens 
plated according to Schedule No. 1 successfully 
endured 600 hr. loading; Schedule No. 2 suc- 
cessfully endured 450 hr. loading, Schedule 
No. 3 successfully endured 190 hr. loading, and 
235 hr. for Schedule No. 4. 

The air-melted metal specimens were plated 
according to Schedule No. 4 above (electroless 
nickel) and endured without fracture static 
loads ranging from 75% of the ultimate strength 
for 240 hr., to 95% for 336 hr. 

Even though the induction-melted metal was 
not tested in this way, we conclude (having in 
mind extensive experiments of this sort on other 
steels) that 300 M steel resists hydrogen em- 
brittlement much better than other materials 
classed as low-alloy, high-strength steel. 


Endurance 


Fatigue test bars were cut in a longitudinal 
direction from the 4 X 4-in. bar, air melted, 
secured from International Nickel Co. Shape 
and principal dimensions are shown in Fig. 4, 
and they were run at room temperature in a 
rotating beam machine with maximum stress 
set at various levels between 120,000 and 250.- 
000 psi. The endurance range is shown in 
Fig. 5. Test pieces which were plated with 
0.001-in. of electroless nickel plate broke along 
the left hand curve in full line. Bare metal, 
either (a) as machined or (b) shot-peened, 
then honed and electroless nickel plated, broke 
along the right hand curve. 

Both varieties of vacuum-melted steels, in 
bars or slabs 4 in. thick, were tested in the short 
transverse direction. Shorter test pieces for 
rotating beam were made as sketched in Fig. 4 
and tested as machined at 110,000, 130,000 or 
150,000 psi. maximum. Results are shown as 
dotted or dashed lines in Fig. 5. There is little 
to choose between the two vacuum-melted 
varieties, although either gives a considerably 
better performance in bending fatigue than the 
basic electric steel. 

Conclusions 

Air-melted 300 M steel (basic electric, modi- 
fied 4340 aircraft quality) in bar form appears 
to be a good material for use after heat treat- 


ment bringing its tensile strength up into the 
270.000 to 300.000-psi. range. It contains com- 
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Longitudinal Fatigue Specimens 


Fig. 4— Sketch of Specimens Used 
for Estimating Fatigue Resistance 


paratively larger nonmetallic inclusions, which 
may be responsible for the inferior ductility of 
tensile specimens cut transverse to the grain 
and for the lowered endurance limit in the ro- 
tating beam machine. 

Steel melted and cast in vacuum by either 
method is not as free from oxide and sulphide 
inclusions as one would conclude from state- 
ments made in the literature. However, it has 
excellent combination of strength and ductility 
in longitudinal direction and also in transverse 
directions in square bars when the over-all re- 
duction from the ingot is from 3 or 4 to 1. It 
can be plated and baked free from damaging 
hydrogen. The endurance limit of short trans- 
verse bars is somewhat lower than 110,000 psi. 

Comparing vacuum steel (induction melted ) 
with metal made by the consumable electrode 
method, the first is cleaner, has higher reduction 
of area in transverse direction, higher elonga- 
tion and impact strength, and also has much 
better notch strength ratios. The latter can 


09.270 


4.00 


Short Transverse Fatigue Specimens 


now be produced in larger ingots, is cheaper, 
and has slightly better longitudinal properties. 

The air-melted heats studied in this work 
were of excellent quality. Providing that opti- 
mum reduction practices are used, we believe 
the greatest advantage of both induction vac- 
uum and consumable electrode melted steel 
over air-melted is the uniformity of properties 
within heats and from heat to heat. The main 
reasons for anticipating improved uniformity in 
the vacuum-melted steels are (a) smaller inclu- 
sions, (b) better distribution of inclusions and 
(c) less gas content. rs] 


Fig. 5 — S-N Ranges for 300 M Steels Made 
by the Three Steel Refining Processes 


To 3x10’ Cycles at 240,000 Psi. 


Endurance Range for Air Melted Stock (Longitudinal) 


Endurance Range for Consumable Electrode Stock 


{Short Transverse} 


\ 
\ 
+A 


Endurance Range for 
sn Vacuum Melted Stock 
(Induction) (Short Transverse) 
10° 10° 
Cycles of Stress 
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Stress Analysts 
With a Photoelastic Coating 


Direct observation of the stress distribution of an actual part under load 
is possible with this coating technique. The direction 


By FELIX ZANDMAN* 


and magnitude of principal stresses can be easily determined 


Wen a part coatep with a special plas- 
tic is strained, the coating follows the deforma- 
tion of the part. Under polarized light, patterns 
or “fringes” appear which can be interpreted 
quantitatively in terms of principal strains on 
the surface of the piece. Colored fringes give 
the magnitude of shear strains when viewed 
under normal light. Oblique lighting is used 
to obtain principal strains. Black fringes give 
the direction of principal strains. (The color 
photograph on the front cover illustrates the 
phenomenon.) Testing with this coating — 
“PhotoStress’, as it is termed by its developer 

is equivalent to a test in which an infinite 
number of tiny strain gages, with virtually zero 
gage length, are uniformly distributed over the 


~ 


surface of the part. 


On the Cover 
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and test results can be recorded by color photography. (Q25, 1-54) 


A major advantage of the technique is that 
it can be applied to actual parts to be evalu- 
ated; this eliminates uncertain results obtained 
when testing a plastic model of the part under 
a simulated load. Many structures hard to 
measure by usual means have been analyzed 
with this new technique. Almost any part, made 
from almost any material, can be coated with 
plastic and tested. Direct observation of the 
over-all strain distribution of 2 part is possible 
under static or dynamic load conditions. Since 
PhotoStress is a nondestructive technique, it can 
be used for long periods of time in checking 
such structures as bridges, dams, aircraft, mine 
shafts, or ship hulls. 

*Director of Basic Research, Tatnall Measuring 
Systems Div., Budd Co., Phoenixville, Pa. 


This month’s cover shows a photograph, obtained through a polariscope, 
which represents the stress pattern developed in a perforated aluminum plate 
used in heat exchangers for atomic power. The specimen has been subjected to 
tension loading in a testing machine. The test was performed at the South- 
west Research Institute in San Antonio, by M. M. Lemcoe. The work was 
done for the Pressure Vessel Research Committee of the Welding Research 
Council to evaluate four basic stress analysis tools: Stresscoat, electrical strain 
gages, photoelasticity, and PhotoStress. 

Note the remarkable symmetry of pattern which represents perfect axial 
alignment of load. The black fringes (isoclinics) indicate the directions of 
principal stresses; the colored fringes (isochromatics) indicate the magnitude 
of sheer stresses. These fringes are measured with suitable instrumentation to 
provide a quantitative stress analysis of the plate. 
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Fig. 1—Testing Engineers Observing Strain 
Pattern on B-58 Main Landing Gear Under Load 


Test Procedure Is Not Complicated 


The part is cleaned thoroughly. It is then 
made reflective by polishing or by spraying with 
aluminum paint. The photoelastic plastic is 
applied — either as a brush-on coating or as a 
thin sheet bonded to the part with a reflective 
cement (which eliminates polishing ). 

After applying the test load, the surface of 
the part is observed through a polariscope* to 
check for over-all distribution of strains. Areas 
where color fringes are concentrated corre- 
spond to areas of stress concentration. These 
areas are investigated quantitatively to deter- 
mine the magnitude and direction of the prin- 
cipal strains. (Stress values and directions of 
principal stresses can then be determined from 
these strain measurements.) Photography is 
used to record the position of fringes, their dis- 
placement under load, and evidence of residual 
strains after testing. 

Limitations — Stresses cannot be measured in 
areas inaccessible to light. However, residual 


*This instrument contains an adjustable light 
source, a polarizer lens, and an analyzer lens. 
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Menasco-Convair Coating Procedure 
Step I. 

acetone. 
Step 2. Prepare contoured sheets of photoclasti 

plastic according to the following procedure: 

(a) Pour the liquid plastic into a frame lying 
on a flat, horizontal plate. The amount of plasti: 
is calculated according to the desired final thick- 
ness of the coating. 

(b) Cure at room temperature for 2 hr. Atte: 
that time, the liquid becomes partially poly - 
merized (initial gel). 

(c) Remove the partially polymerized sheet 
of plastic (which is very soft) and shape it 
directly on the part, leaving it in place tor 
at least 12 hr. 

(d) After the 12-hr. cure, lift the contoured 
sheet and spread reflective cement (aluminum. 
filled epoxy resin) on the metal part. Then bond 
the sheet to the part. 

(e) Allow 24 hr. for the cement to polymeriz« 


Clean and degrease the parts with 


When this procedure is followed, no parasitic 
bi-retringence will be present in the coating, and it 
will be of reasonably constant thickness (maximum 
variation, 5%). Sheets are laid side by side, as in 
a mosaic, to cover the desired area. Four men 
worked for ten days to cover the two landing gears 
completely. This was their first experience in 
applving the plastic coating. 


strains can be measured if a component part 
can be dismantled after loading and then ex- 
amined under polarized light. 

The strain sensitivity constant (K) varies for 
temperatures outside the range —44 to+55" F. 
Corrections of K can be made for test tempera- 
tures outside this range. 

The upper temperature limit is 500° F., if 
testing time does not exceed 30 min. For long- 
term measurements, the limit is 300° F. 

If the thickness of the plastic coating is com- 
parable to the thickness of the part under test 
(for example, thin plates subjected to bending). 
errors will be introduced. Correction curves 
can be consulted to adjust for these factors. 


Stress Analysis of Landing Gears 


Two landing gears, made of 4340 stecl and 


7075 aluminum forgings, were completel, 
coated with the photoelastic plastic. (See above 
for coating procedure.) 


After mounting into 
trames, seven different loads were applied by 


tThese tests on the main and nose landing gears 
of a B-58 supersonic jet bomber were performed 
by Menasco, Inc. for the Convair Div. of General 
Dynamics, Fort Worth, Tex. 
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Fig. 2—The Pattern on 
the Photoelastic Coating 
Reveals Stresses Devel- 
oped in a Front Axle Car- 
rier Under 40% Vertical 
Load and 30° Taxi Turn 
Conditions. Maximum 
shear stress at A(6%) = 
(0, — = 123,500 psi. 
(Arrow head representing 
A(62) almost obliterates a 
small circle in the pattern) 


means of hydraulic jacks, simulating operation 
of the gears in service. For each load incre- 
ment, strains were measured and photographed. 
Figure 1 shows a portion of the gear and the 
loading setup. 

Calibration — The average strain sensitivity 
of the coating is known only within 10%, and 
since more accurate results had to be obtained, 
the coating was calibrated prior to the test. 

A l-in. wide strip, cut from each sheet of 
plastic, was bonded to a cantilever beam where 
the strain was calculated at various points. The 
strain sensitivity was determined by applying 
the formula: 

2t(e, £2) 

where 8 is the measured optical effect in inches, 
t is the thickness of the coating in inches and 
(e; ~ e2) is the calculated strain difference (in. 
per in.) at a given section of the cantilever 
beam. Based on this K-factor, 0.087, a nomo- 
graph was constructed giving the shear stress 
directly as a function of polariscope reading and 
thickness of coating. 

Measurements — The directions of principal 
strains were obtained, within +2°, by tracing 
the black fringes (isoclinics) directly on the 
plastic. By carefully measuring the colored 
(isochromatic) fringes, the magnitudes of the 
difference of principal strains (hence maximum 
shear strains) were obtained. Photographs of 
these fringes were taken from all sections of 
the landing gear. The accuracy of the strain 
magnitude determinations was within +15 
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micro-in. per in. (or +225 psi. shear stress). 

Figure 2 shows typical isochromatic patterns 
on the surface of the lower axle of the main 
gear under a loading condition of 600,000 Ib. 
(40% of possible load) “vertical load” and 30° 
taxi (plane was turning 30° while taxiing). The 
highest shear stress is at A, and it corresponds 
to 123,500 psi. Every isochromatic is a line 
of equal shear stress. The first isochromatic 
corresponds to 19,000 psi.; the second to 2 x 
19,000= 38,000 psi; the third to 3 19,000 = 
At point A the fringe 
order is 644 fringes, or 123,500 psi. Test results 
gave the complete stress distribution in the 
B-58 main and nose landing gears. It was 
found that loading conditions imposed the high- 
Areas 


57,000 psi. and so on. 


est stress condition on the landing gear. 
in which design changes should be made to 
improve stress distribution were delineated. 


Future Potential for the Method 


As in any strain measuring technique, photo- 
elastic coating tests can be a part of a transducer 
system. A device such as a weighing system 
can be coated with plastic. Under polarized 
light, the variations in color patterns that de- 
velop during operation can be picked up by a 
photocell and converted into variations in elec- 
tric current. The photocell output is then sent 
to any suitably calibrated recorder or scope. 

This type of transducer system is very useful 
in instances where mechanical or electrical con- 
tact between the stressed part and the recording 
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instrument is impossible. As an example, a con- 
ventional torque meter requires slip rings on 
high-speed shafts to collect and transmit the 
current generated at the strain-sensing device. 
These rings are difficult to build and are some- 
what inaccurate at best. With the photoelastic 
coating technique, continuous, accurate torque 
measurements of a rotating shaft are possible. 
with no physical contact between shaft and 
instrument. The same type of system can be 
used with pressure cells, load cells, extensom- 
eters or maximum stress warning devices. 
The PhotoStress strain gage is a direct- 
reading, strain-sensitive device which requires 
no instrumentation. It is a small rectangular 
piece of plastic which shows permanent color 
fringes beside a graduated scale and is covered 
with a polarizing material. As a load is applied 
to a structure on which the gage is bonded, the 
color fringes shift to a new position on the scale. 
The displacement of the fringes is directly pro- 
portional to the strain. The gage can be cali- 
brated to read directly in terms of Ib. (load), 
in-lb. (torque), or psi. (pressure). The gage can 
also be employed to indicate load misalignment 
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Fig. 3—The Photo- 
Stress Stress Gage 
Can Be Used as (a) a 
Strain Gage, (b) Load 
Cell, (c) Torque Indi- 
cator, (d) Safety De- 
vice,(e) Pressure Gage, 
or (f) Torque Wrench 


of mechanical presses and testing machines. 

The PhotoStress stress gage, which is similar 
in form and behavior to the PhotoStress strain 
gage, gives directly the magnitude and sign of 
the surface stress (principal or secondary) in 
any required direction. A new ring-shaped 
gage will, in addition, indicate the direction of 
the principal stresses (simply note the position 
of maximum and minimum stresses around the 
gage circumference). A limitation of the gage 
is that it measures only average stress in the 
area covered by the gage and should not be 
used in areas of stress concentration where the 
application of the standard coating technique 
would be more appropriate. However, an at- 
tractive feature of this gage is its ability to 
provide direct read-out without instrumentation 
of any kind. 

These gages can be used as permanent 
indicators on tools, machinery and structures. 
Figure 3 illustrates six applications: (a) as a 
strain gage, (b) as a load cell, (c) as a torque 
indicator, (d) as a safety device on a hydraulic 
press, (€) as a pressure gage, and (f) as a torque 
wrench. 
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Telemetering — A television camera can be 
placed behind a large-field instrument and 
measurements or observations made on the 
screen of the receiver. It is possible to investi- 


Appliances and Engines 


Pump for Dishwasher 
Objectives: Find out why pumps were failing in 
service. Investigate thermal and vibratory stresses. 
Loading: Pump was operated under normal 
conditions. Fringe patterns outlined areas of stress 
concentration around critical fillets of the housing. 
Design changes were made. 


Home Radiator 

Objectives: Determine reasons for rupture during 
Investigate stresses due to assembly, 
Measure 


service. 

internal pressure, and thermal cycling. 

residual stresses (via relaxation). 
Loading: Internal pressure. 


Automobile Engine 
Objectives: Investigate dynamic stresses during 
engine operation. Check assembly (bolting  se- 
quence) and thermal cycling (35 to 100° F.) 
Loading: Operate engine under normal condi- 
tions (200° F. engine temperature ). 


Aviation 


Jet Fighter Fuselage 
Objectives: Locate stress concentration in fuse- 
lage near engine mounts. Measure stresses around 
highly loaded rivets. 
Loading: Engine weight is combined with 
external forces applied by hydraulic jacks to simu- 
late quick transition from horizontal to vertical 


position. 


Fuselage Panel Assembly (With Stiffeners) 
Objectives: Check stress pattern and behavior 

of rivets during break-in period. Study elastic and 

“elasto-plastic”* buckling. Study dynamic buckling 

by taking color motion pictures of fringes. Obtain 

residual strain pattern after panel ruptures. 
Loading: Compression. 


High-Altitude Tests on Airframe 

Objectives: Measure strain (a) on window and 
sash subjected to internal load produced by cabin 
pressurization, (b) on fittings which attach wings 
to fuselage, and (c) on external wing rivets. 


*If a long, rectangular sheet with a hole in its 
center is tensile tested, the area around the hole 
will yield plastically before the rest of the sheet. 
At this point the entire specimen is undergoing 
elasto-plastic strain. 


NOVEMBER 1960 


Applications for Photoelastic 


gate what is happening several miles away, in 
such structures as dams, bridges, missiles or air- 
craft in flight (or on take-off), and in atomic 
installations. S$ 


Coating Tests 


Loading: In-flight tests at 36,000 ft. Measure- 
ments also made during a dive and a rough landing. 


Guided Missile Tail Section 
Objectives: Determine over-all stress distribution 
and measure peak stresses. Investigate effect of 
stiffeners on stress distribution of the skin and 
determine when localized buckling begins. 
Loading: Static and dynamic loading with 
hydraulic jacks to simulate flight conditions. 


Landing Gear 

Objectives: Find over-all stress distribution under 
various landing conditions. 

Loading: Static loading with hydraulic jacks to 
simulate landing conditions. 

Photograph below is a general view of test setup, 
showing landing gear, loading frame and measur- 
ing instrument. 


Riveted Airframe Assembly 
Objectives: Compare designs of riveted assem- 
blies and study stress at each rivet. Evaluate effect 
of dummy rivets located near edge of assembly. 
Loading: Tension 


Splined Coupling for Jet Engine 

Objectives: Study distribution of elastic, elasto- 
plastic and residual strains in vicinity of grease hole 
and find stress concentrations around splines. Check 
theoretical calculations against experimental results. 

Loading: Torsion. 

Photograph on top p. 116 presents view of cou- 
pling with a contoured sheet of plastic in place. 
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Turbine and Compressor Blades 

Objectives: Determine stress concentration on 
leading and trailing edge and find yield point of 
blade. Study behavior of various blade foutings 
and locate stress pattern around points of corrosion. 

Static loading: (a) in tension, (b) bending plus 
tension, and (c) tension plus torsion. 

Dynamic loading: Bonding in a fatigue machine 
and bending in natural mode of vibration. 


Jet Engine Combustion Chamber 

Objectives: Determine over-all stress distribu- 
tion and vield point of chamber. Study plastic 
deformation and behavior of welds under stress. 
Measure residual strains after failure. 

Loading: Internal pressure. 


Atomic Energy and Pressure Vessels 


Flow Header 

Objectives: Determine area where structure must 
be reinforced and where it is unnecessarily strong. 

Loading: Varying amount of internal hydrostatic 
pressure. 

Photograph below is over-all view of flow header 
showing coating and points investigated. 


Heat Exchangers 

Objectives: Locate stress concentrations and 
study over-all stress distribution. Find yield point 
and investigate elasto-plastic deformation. Proof- 
test before shipment. 

Loading: Internal pressure. 
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Model of Atomic Energy Pressure Vessel 
Objectives: Determine stress distribution at 

welds and over-all — for use in full-scale design. 
Loading: Axial loading with hydraulic jacks. 


Fuel Container for Solid-Fuel Rocket 


Objectives: Study stress distribution and de- 
termine stress concentration around welded 
sections. 

Loading: Internal pressure. 

Photograph below shows over-all view of test 
Note automatic high-speed movie camera, at top, 
which records changing PhotoStress pattern. 


Railroads 
Railroad Rail 
Objective: Determine stress distribution and 
vield point on a rail and a rail end as radius of 
test wheel is varied. 
Loading: Compression and bending by means of 
steel railroad car wheels of various sizes. 


Truck Frame 

Objectives: Determine stress concentration fac- 
tors around welds and fillets, and stress distribution 
in known dangerous areas. Check PhotoStress 
results against conventional strain gage results. 

Loading: Compression and bending by means of 
vertical, horizontal, lateral and combined loadings 
with hydraulic jacks. 

Photograph below shows partial view of truck 
frame. Arrows indicate location of plastic. 
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Mild Steel Beams for Railroad 
Objectives: Calculate strain concentration fac- 

tors in vicinity of load contact points. Locate 

neutral points in beam and observe shift during 

plastic flow. 

Loading: Bending (statically indeterminate ). 


Inspection of Structures — Testing of Materials 


Are Welded Steel Bridge Assembly 

Objectives: Find general elastic stress distribu- 
tion; then find yield point near welds and study 
elasto-plastic deformation. Investigate influence of 
welds on stress distribution. Check PhotoStress 
results against calculations and against strain gage 
results. 

Loading: Bending by means of hydraulic jacks. 


Inspection of Canal Locks 

Objectives: Investigate stress concentration 
around rivets and study stress distribution in sus- 
pected critical areas. Repeat measurements at 
regular intervals. 

Loading: Obtained by filling chambers with 


water. 


Sheet Pile Section for Coffer Dam 

Objectives: Determine maximum service load 
in elasto-plastic range of deformation. Investigate 
elastic strain distribution and find vield point. 
Compare merits of different designs. 

Loading: Tension applied by means of a testing 


machine. 
Photograph below shows a stress pattern pro- 
duced by a load of 6000 Ib. on the sheet pile. 


Testing Mild Steel Specimens 

Objectives: Determine true vield point and study 
plastic deformation. 

Loading: Tension (semicircular notches cut in 
test specimens ). 

Photograph at top of next column reveals three 
stages of plastic deformation: (Left) True yield 
point — 30% lower than the value obtained by 
conventional methods. (Center) Conventional 
vield point. (Right) Well beyond yield point. 
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Welding 
Stainless Steel Spot Welded Assembly 


Objectives: Determine best arrangement for 
spot welds — in terms of number, spacing, and rows 
— consistent with a rational distribution of stresses. 

Loading: Tension. (Test results indicate first 
row of spot welds carries practically the entire 
load. ) 


Two Aluminum Plates Welded at Right Angles 

Objectives: Determine internal stresses via 
stress-relieving (progressively machining down 
one of the plates). 


Steel Bottle With Welded Neck 

Objectives: Study stress distribution and plastic 
deformation around welds. Determine elastic limit 
resulting from combination of internal stress due 
to welding and stress caused by pressure in the 
bottle. 

Loading: Internal pressure. 


Butt Welded Specimens 

Objectives: Determine best method of stress- 
relieving and find area affected by internal stress 
due to welding. 

Loading: Tension. Identical welded specimens 
were stress-relieved in different ways and then 
subjected to a tensile stress slightly higher than 
vield point of base metal. 


Circumferential Weld on Steel Cylinder 

Objective: Measure internal stress. 

Test Procedure: After coating with plastic, sec- 
tions of the cylinder are cut out and metal removed 
from welded area. The stress distribution in the 
section — caused by  stress-relaxation when weld 
metal is removed — corresponds to internal stress 
distribution when weld existed (the sign of the 
stresses is reversed). 


Ordnance Applications 


Armaments 

1. Study armor plate during perforation. 

2. Find stress distribution in firearms during 
firing. 

3. Investigate stresses in guided missiles devel- 
oped during firing and in flight. 
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The short-range objective of the Govern- 
mental program for nuclear reactor develop- 
ment is to enable American utility companies 
(between now and 1968) to select large power 
plants on the basis of economics alone in areas 
where fossil fuel costs are 35¢ per million Btu. 
or higher. 

Reactors cooled and moderated with light 
water, fueled with slightly enriched UO, clad 
in stainless steel or zirconium, and which pro- 
duce saturated steam for the turbines, have 
the best developed technology and are closest 
to meeting this short-range objective. Such 
pressurized or boiling water reactors under 
private financing could produce power costing 
from 9 to 10 mils per kw-hr. in 300,000-kw. 
plants and, through improvements that are 
clearly feasible, units could be constructed in 
1963 to 1965 which would produce power 
costing from 7 to 8 mils. 

Since conventional power under the same 
conditions of financing would cost from 6 to 7 
mils from fuel costing 35¢ per million, it can 
be seen that water reactors almost meet our 
short-range objective, and their true potential 
has not been fully recognized. 

The possibilities of nuclear superheat and 
of steam-cooled systems remain to be deter- 
mined. Simplified control by varying the 
level of the moderator in the reactor, improv- 
ing the neutron economy by proper mixture 
of light and heavy water used as moderator, 
improving the mechanical details, operating 
at higher power density —all these are im- 
provements for the future. 

It is indeed fortunate that the technical 
variables of fuel life and cost of fabrication, 
over which industry has control, are relatively 
more important than the aspects over which 
the Government must retain control. I refer 
to the fact that by law the Government fixes 
the cost of U*** and credit for any unburned 
portion, as well as for the U*** and Pu which 
may be produced and the charges for process- 
ing the spent fuel. Moreover, if the reactor 
uses heavy water as a moderator, the owner 
is dependent on Government supply at the 
Government's price. It may be stated that 
these charges represent neither a subsidy nor 


*Extracts from an address by F. K. Pittman, 
director of division of reactor development, U. S. 
Atomic Energy Commission, before World Power 
Conference, Madrid, Spain, June 8, 1960. 


The A.E.C.’s Power Program 


a source of profit. In our planning (based on 
plants of about 300,000 kw-hr. capacity), we 
assumed private financing and annual fixed 
charges of 14% for both conventional and 
nuclear plants, and water-moderated reactors 
will meet the short-range objectives in reac- 
tors of large sizes. 

Our longer-range objective is to enable all 
utility owners to choose a nuclear reactor for 
a source of heat regardless of location or size 
of plant. Whether water-moderated reactors 
can also meet this goal is a matter of opinion 
(and our current studies indicate a marginal 
likelihood that they can) but we are studying 
small prototypes utilizing other principals. 

The organic cooled and moderated reactor 
is similar in many respects to the water 
system, yet operates at lower pressures and 
has fewer corrosion problems. Its advantages 
are somewhat offset by the fact that the 
organic materials now available are polymer- 
ized by radiation and must be continuously 
replaced, and that the heat transfer character- 
istics are not good. 

Obviously our program must also encompass 
other systems which will give the higher tem- 
peratures necessary for modern steam condi- 
tions, offer higher neutron economy, and be 
built at a lower cost because they have higher 
power densities or simpler design, or which 
have lower fuel, operation or maintenance 
costs. We are interested in gas, liquid metal, 
and molten salt systems because they offer the 
high-te mperature steam conditions needed for 
greater plant efficiency. We are interested 
in certain gas and liquid metal systems. We 
are interested in molten salt, aqueous homoge- 
neous and some variations of liquid metal 
cooled systems because they offer the potential 
simplifications inherent in fluid fueled reac- 
tors. We are interested in gas and liquid 
metal cooled systems because they promise a 
more uniform burnup of the fuel or simplified 
recycle of unburned fuel. 

The total cost of our program will be about 
$1,800,000,000 over the next nine years, which 
will include about $1,400,000,000 for research 
and dev elopment and $360,000,000 for 14 pro- 
totype and six experimental plants. 

If our efforts were to succeed merely 
lowering the average cost of power in poe A 
bv one tenth of a mil, consumers would save 
$200,000,000 in that year alone. 8 
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Electronic Metallurgy 


By HARVEY A. ANDERSON* 


The electronic industry, based on semiconductors, 

is growing at such an astonishing rate that it has outrun the available supply 
of metallurgists and solid-state physicists. Furthermore, 

quality control has all but outrun the ability to measure micro differences 

in the materials of construction. (T1, 17-57; EG-j, Si, Ge) 


Tris sicniricant that at the 1960 Annual 
Stockholders’ Meeting of General Electric Co. 
it was stated that the most important phase of 
G.E.’s activity today from a growth stand- 
point is in the electronics field and that its most 
important product in that field is semiconduc- 
tors. Ever since 1948, when Bell Telephone 
Laboratories announced the discovery of tran- 
sistors (a discovery which warranted the Nobel 
prize in physics to William Shockley, Walter H. 
Brattain and John Bardeen), the growth of 
semiconductor technology and production has 
been phenomenal — only outpaced by the sky- 
rocketing of the electronic shares on the stock 
market! 

It is fitting therefore that Metal Progress 
should print a brief statement of the present 
situation as gathered in recent meetings and 
symposiums held by the A.I.M.E.’s Metallurgi- 
cal Society, by New York University, and by the 
American Society for Testing Material’s Com- 
mittee F-1. It will avoid the physical and elec- 
trical jargon as much as possible. Those read- 
ers who are not very familiar with the topic 
could do no better than refresh their memories 


*Electronic Consultants, Inc., Tucson, Ariz.; 


Consulting Editor, Metal Progress. 
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by reading Anthony S. Rugare’s articles on ger- 
manium and silicon for electronic devices in 
Metal Progress, August 1952 and February 1955. 


The Industry and Its Needs 


In this age of television, radar, computers, 
and missiles, metallurgy is acquiring what is 
almost a new “micro dimension” to provide the 
materials essential for satisfactory functioning 
of the electronic devices. An evidence of ma- 
turity is A.S.T.M.’s recently established Com- 
mittee F-1 on Materials for Electron Tubes 
and Semiconductor Devices. The unique re- 
quirements of the manufacturers of electronic 
devices have necessitated new standards for 
internal and surface purity, alloying, grain size 
and orientation. 

There are now at least 40 American firms 
making transistors to a total of around 2,000,000 
annually, with additional production of a much 
larger number of diodes. In this industry the 
demand for competent metallurgists far exceeds 
the supply—as anyone who scans the help 
wanted pages in Metals Review will appreciate. 
Perhaps the demand is really for “scieneers”, 
as Engineer paraphased the remarks of Bell 
Telephone Laboratories’ J. R. Pierce at the 
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recent conference at New York University on 
“The Critical Million”, where the need for more 
communication between scientists and engi- 
neers was emphasized. However, the qualifica- 
tions outlined in two recent advertisements of 
semiconductor manufacturers for metallurgists 
included a Ph.D. or M.S. degree or equivalent 
experience in physical metallurgy or solid-state 
studies, to assist in the development of micro- 
metallurgical techniques under protective at- 
mospheres, vacuum deposition of high-purity 
metals, and recrystallization of rare metals 
during alloying and welding on a subminiature 
scale. 

In electronic metallurgy, as in more conven- 
tional types, metal behavior is dependent on 
its intrinsic properties and its environment. 
However, the difficulties arise in defining, 
appraising and controlling the unique proper- 
ties, and the greater sensitivity to environment 
which is encountered when the semiconductors 
are fabricated into electronic devices. Semi- 
conductor manufacturers are among the grow- 
ing class of metallurgical customers which 
cannot depend on the metal manufacturer or 
fabricator to solve customers’ problems with 
existing metals and alloys. 


Purity in Parts per Billion 


Transistors are solid devices made from semi- 
conductors — metalloids whose electrical resis- 
tivities are between that of metals (low) and of 
insulators (very high). The most common ele- 
ments are germanium and silicon. In one 
method of manufacture, crystals are grown and 
then purified by zone melting. In the early 
days, germanium transistors had point contacts 
somewhat like the old  cat’s-whisker crystal 
radio sets. Subsequent technical developments 
have produced grown-junction transistors, alloy 
transistors, and diffused transistors. Still other 
types are being developed. In all of them the 
properties are dependent on an atomic disper- 
sion of very small amounts of impurities and 
on imperfections in the crystalline lattice. 

The electronic metallurgist faces the problem 
of controlling, to an unusual degree, the purity 
and structural perfection of semiconductor 
crystals. S. Wolsky of Ratheon called the at- 
tention of the A.S.T.M.’s Committee F-1 to the 
use of a vacuum microbalance and an “omega- 
tron” mass spectrometer®* in the study of atomi- 
ally clean surfaces of germanium and silicon 
single crystals in wafer form, 2 to 4 mils thick 


and less than 10 sq.cm. in area. With these 
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techniques we can study, quantitatively, the 
effect of such operations as out-gassing, oxida- 
tion, ion bombardment, and sputtering rates. 
Such matters are important, for the operating 
characteristics and permanence of transistors 
are dependent on the crystal’s oxidized surface, 
about 10 atom diameters thick, and the produc- 
tion of reliable transistors of high quality neces- 
sitates final surface treatment and encapsulation 
in nonporous envelopes — operations represent- 
ing a major part of the unit's over-all cost. 
Semiconductor devices in the electronic field 
include, in addition to transistors with three or 
more terminals, diodes for rectifiers and mixers 
(with two terminals), solar cells, voltage varia- 
Recent 
developments involve combinations of several 


ble capacitors, and numerous others. 


units with varving functions in compact assem- 
blies, fixed in place within a molded block of 
plastic. 

It has been stated repeatedly that progress in 
the semiconductor field is based on progress 
in materials—the metals and alloys. The 
original point-contact transistors used imulti- 
crystalline germanium but were somewhat un- 
de »pendable. 
germanium single crystals with rigidly con- 
trolled impurity content. The perfection of the 
material has nearly outrun the possibility of 


Most trausistors are now made of 


physical measurements, in the same way that 
chemical purity far outran chemical analysis 
long ago. 

The much more abundant silicon is starting 
to overtake germanium as the favored transistor 
material, even though its crystal growth and 
zone refining present many more problems, due 
to its high melting point and its tendency to 
react with any type of refractory container. 
Transistors are also being manufactured of 
germanium-silicon, gallium arsenide, and nu- 
merous other alloys of metalloids in and about 


Group IV of the periodic table. S 


*When asked by the editors to define 
tron mass spectrometer”, Mr. Anderson replied: 

“The partial pressure of residual gas in an ultra- 
high vacuum system is an important influence on 
its behavior and dependable life. The ‘omegatron’ 
is a new device for gas analysis. It is an ionization 
tube of small volume and operates at elevated 
temperatures. It uses the cyclotron resonance 
principle of the motion of an ion in crossed elec- 
trical and magnetic fields to identify gaseous 
constituents at very low pressures — 10 5 to 1019 
mm. Hg. 

“The need for this definition well illustrates the 
interrelation of modern metallurgy, chemistry and 
solid-state physics in this new science of electronics.” 


“omega- 
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Book Review 


Malleable Iron Castings 


MALLEABLE [RON CASTINGS, 
Malleable Founders Society, 
Cleveland, 1960. 526 p. $10. 


From AN INDUSTRY initially surrounded 
by secrecy and mystery, an organization began 
which became one of the first cooperative in- 
dustrial groups in the United States. In 1897, 
the American Malleable Castings Assoc. was 
founded to share knowledge of practice, and 
thereby improve the product. Today this 
group is known as the Malleable Founders 
Society, and it is to them that we are indebted 
for this book. 

Malleable Iron Castings replaces the original 
handbook, American Malleable Iron, published 
in 1944, and fills a long standing need for an 
up-to-date reference on this subject. The book 
is primarily one for users of castings rather 
than producers. However, it has considerable 
value for those in the industry as well since 
much of the information which is widespread 
throughout the technical literature is made 
available in one volume. 

The many uses for the various grades of 
malleable iron and the inroads made into new 
fields, particularly highly stressed parts, are 
exemplified in the first chapter. The expansion 
of the product has been primarily due to in- 
creased use of pearlitic malleable iron in parts 
previously made of steel, such as crankshafts, 
universal joint yokes, rocket arms and many 
automotive transmission parts. This is re- 
flected in the chapter on pearlitic malleable 
iron —it has been expanded from eight pages 
in the original publication to 40 pages in the 
current one. 

A fairly comprehensive treatment of physical 
and mechanical properties of standard and 


*Technical Director, Central Foundry Div., 
General Motors Corp., Saginaw, Mich. 
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Reviewed by CARL F. JOSEPH* 


pearlitic malleable iron is given in three chap- 
ters. This is essentially a collection of inde- 
pendent studies. The tying together of related 
investigations of properties has been well done 
considering that compositions and foundry 
practices are far from uniform. 

The chapters on design and machining should 
be of particular interest to the user of malleable 
iron castings. It is only through knowledge of 
the capabilities of the foundry that the fullest 
advantages of malleable iron castings can be 
appreciated. Written in an instructive and 
practical manner, these chapters should give 
the potential user a basis for an_ intelligent 
approach to applications for parts made of 
malleable iron. 

The discussion of manufacture of malleable 
iron has been expanded considerably from the 
original text. The tremendous strides made 
in modernizing the foundry industry over the 
past sixteen years is illustrated by the transition 
from bench molding, floor pouring, and batch- 
type annealing to mechanized molding, includ- 
ing shell process, duplex melting, and continu- 
ous pouring and annealing. 

While the metallurgy of malleable iron has 
actually changed very little over the years, 
our knowledge of it has increased substan- 
tially. Of significance is the influence of vari- 
ous trace elements on mottle and annealability. 
Among these are the intentional additions of 
bismuth and boron to prevent mottle and 
shorten annealing time. Considerable informa- 
tion concerning various heat treatments and 
resulting microstructures and properties, as 
well as common alloying elements to improve 
strength and hardenability, is given. 

A fine set of references has been included 
which should give the interested engineer or 
metallurgist ample information for the further 
study of malleable iron. S 
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Short Runs 


Navy Picks Cast Stainless Alloy 


By E. A. SCHOEFER* 


Tx recent years a great deal of foundry 
research has centered around the development 
of new alloys to meet the increasingly severe 
conditions of new industrial processes. 

A good example of the progress being made 
is CD-4 MCu, a precipitation hardenable stain- 
less casting alloy which contains 25 to 27%. Cr, 

*Executive Vice-President, Alloy Casting Insti- 
tute, Garden City, N.Y. 


Fig. 1—Torpedo Tube Breech Door Weighing 
250 Lb. and 26 In. in Diameter Was Cast of 
CD-4MCu_ Precipitation Hardenable Stainless 
Alloy for Nuclear Submarine SS(N) Thresher. To 
meet Navy requirements, castings were subjected 
to 100% X-ray inspection, Class II, and dye pene- 
trant inspection performed in accordance with 
MIL-STD-271. Typical mechanical properties were 
110,000 psi. tensile, 85,000 psi. yield, 25% elonga- 
tion and Charpy impact (V-notch) 40 to 50 ft-lb. 


4.75 to 6.00% Ni, 1.75 to 2.25% Mo, and 2.75 
to 3.25% Cu. It was developed under a pro- 
gram sponsored by the Alloy Casting Institute 
to find an alloy with the corrosion resistance of 
the 18-8 grades but with much higher strength. 

As reported in Metal Progress (October 1958, 
p. 129), the strength of CD-4 MCu is about 
twice that of the standard 18-8 alloys. Recent 
experience has revealed unanticipated 
bonus. The cast alloy’s resistance to  stress- 
corrosion is superior to that of the wrought 15-8 
grades — both the ordinary Type 304 and the 
molybdenum-containing Type 316. In recent 
tests made by the Sharples Corp., Philadelphia, 
CD-4 MCu in the hardened condition (solution 
annealed for 2 hr. at 2050° F., oil quenched; 
aged 4 hr. at 975° F.) sustained a stress of 
62,000 psi. without cracking when exposed to 
boiling 42% MgCl, for 100 hr. Annealed Type 
316 cracked at 8000 psi. and annealed Type 304 
cracked at 12,000 psi. Wrought Type 310 failed 
at 35,000 psi. 


Torpedo Tube Breech Door 


Confirmation of these results has come from 
engineers at the Portsmouth Naval Shipyard, 
Portsmouth, N.H., who recently concluded a 
one-year corrosion test program. CD-4 MCu 
and several other alloys such as Type 304, 
nickel-copper and aluminum bronze were sub- 
jected to tests in running sea water in a variety 
of setups designed to determine resistance to 
galvanic, crevice, and stress-corrosion. Corro- 
sion resistance of CD-4 MCu was better than 
any of the other alloys. In stress-corrosion tests 
lasting six months, no failures occurred in either 
hardened or annealed CD-4 MCu. 

As a result of these tests, the breech door of 
a new type of torpedo tube assembly (Fig. 1) 
for the new Thresher-class nuclear attack sub- 
marines was cast in this alloy. The SS(N) 593 
Thresher, lead boat of a group of 14, was 
launched at Portsmouth last summer. S$ 
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Provides any needed quench velocity 
“from nothing to NIAGARA’! 


beyond doubt...THE MOST OP 


VERSATILE QUENCH EVER BUILT! 


Here is isothermal quenching control that assures hitting your TTT curve requirements 
“on the nose”... every time . . . time after time . . . on practically any type of work; 


. that has handled all of the critical work shown above—and hundreds of 
other items besides; 


. that provides the exact needed quench direction and velocity at the turn of 
a crank . . . and with available velocities far in excess of any quench 
previously obtainable; 


. that does everything oil can do up to 400° F. and that can supply exact 
needed quench temperatures up to 750° F. without any fire hazard; 


. that offers automatic water addition as an optional feature; 


. that provides a completely automatic separating system to carry off drag- 
in salt, thus maintaining its exceptional quenching power. 


. . and which, brings you all inherent salt bath advantages such as uniform 
hardness, elimination of quench cracks and negligible distortion. 


In short, wherever highly accurate, low cost quenching is a problem, chances are 10 to 
1 the Ajax Cataract Quench Furnace can solve it! 


® 
tarae * For instance, one user scored a $60,000 
yearly saving by eliminating a costly 


straightening operation on an intricately- 


TG REN SALT BATH QUENCH shaped machine part. 


AJAX ELECTRIC COMPANY 3910 Frankford Ave. Philadelphia 23, Pa. 
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Trends in Price of 
High-Alloy Castings 


GaRDEN Ciry, N.Y. 

The “Technical News” item on 
p. 67 of your September issue en- 
titled, “Up Trend in High-Alloy 
Castings Levels Off’, draws an un- 
justified conclusion regarding the 
status of the high-alloy foundry 
industry. Based on our 32-p. Sta- 
tistical Review of 1959, “Produc- 
tion of High-Alloy Castings”, the 
short article concludes that the 
growth of the high-alloy casting 
industry has leveled off, and im- 
plies that “perhaps this is due to 
the increase in price”. 

Let us look at the facts: During 
the interval 1944 to 1959, mentioned 
in the article, alloy casting prices in- 
creased from $0.60 to $1.15 per lb., 
as stated, a rise of 92%. During the 
same period, iron and steel prices as 
a group (Bureau of Labor Statistics 


Change in Price of Alloy Castings 
Compared With Other Metal Prod- 
ucts in the Period 1944 to 1959 


175 
Iron and Steel 
150 
Metals and 
Metal Products 
= Electrolitic Nickel 
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Heat 
5 Castings 
75 
50 -- 
Corrosion 
Resistant 
Castings 
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0 Ferrochrome 
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data) rose 168% and metal products 
in general went up 137%. As shown 
in the accompanying chart, the 
change in alloy prices has been less 
than the rise in raw material cost. 

It is improper, therefore, to assume 
that the current drop in high-alloy 
casting shipments is a permanent 
departure from the past uptrend in 
demand as a result of an excessive 
rise in price. There is no evidence 
that present slack business will not 
be followed by a resumption in 
normal growth. On the other hand, 
there is evidence that if prices for 
alloy castings have gotten out of 
line, they are out of line on the low 
side compared with the rise in the 
prices of other metallic products. 

E. A. SCHOEFER 
Executive Vice-President 
Alloy Casting Institute 


Chromium Steels in 
Refinery Service 


New 

Mr. Scheil and his firm deserve 
thanks from the petroleum industry 
for conducting the ten-year test of 
high-chromium steels and for pub- 
lishing the results in Metal Progress, 
April issue. Unfortunately the title* 
of the paper “Chromium Steels 
Remain Tough After Eight Years at 
High Temperatures” implies that all 
of the chromium steels in the test 
resisted high-temperature embrittle- 
ment satisfactorily, whereas the 
Type 405 steels designated as Code 
D, F, and (decarburized) all 
tended to serious embrittlement. 

The D and F steels suffered drastic 
loss of impact resistance as measured 
by the Charpy test — especially in 
the initially annealed or in the an- 
nealed and cold worked conditions; 

*The title was supplied by the 
editors. The word “which” should 


have appeared after the word 
“steels”. 


INDE NC eC N 


after exposure at 715° F. tor six 
years these alloys showed only 2 to 
6 ft-lb. impact energy when tested 
at 70° F. 

The decarburized Code H_ steel 
was only exposed at 900° but 
after eight years its original 56.4 
ft-lb. had fallen to 9. These three 
steels all have high chromium equiv- 
alents, and this tends to confirm the 
suspicion that the more completely 


the alpha-gamma transformation is 
suppressed in Type 405 steels, even 
with the help of minor additions of 
aluminum or other ferrite-forming 
elements rather than by chromium 
alone, the more susceptible they are 
to 885° embrittlement. In other 
words, the more they transform at 
high temperatures, like the old 17% 
chromium-iron Type 430, the more 
they tend toward age-embrittlement 
at 700 to 900° F. 

Mr. Scheil admits that the evalu- 
ation system used in his paper gives 
three times as much weight to 
changes in other properties (yield, 
elongation and hardness) as to a de- 
crease in impact energy (tested 
70° F.) but believes that skeptical 
readers making their own assess- 
ments will come to conclusions simi- 
lar to his. I have come to conclu- 
sions that differ from his. I think 
that the magnitude of changes in 
the impact values are the most sig- 
nificant indication of embrittlement, 
in his data, although I recognize that 
impact tests do not reflect all types 
of brittleness. (I would define “em- 
brittlement” as the development of 
brittleness in a metal, and “brittle- 
ness” as the tendency of a material 
to fracture with little deformation. ) 

When examined from this view- 
point, some curious anomalies exist 
in the tables. For example, the one 
Type 410 steel of normal analysis 
(0.07% C, no Mo) was exposed at 
715° F. only in annealed condition. 
It is rated “poor” by virtue of 
modest change in yield, elongation 
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Control panel of a Carpenter consumable electrode (Consumet) furnace. Electronic circuits maintain positive arc control 
and precise electrode movement to assure the ultimate in refining. 


Where /arpenter’s “big inch’ makes a mile of difference in alloy quality 


The “big inch” in Carpenter's consumable electrode (Consumet®) furnace is the 
extra space between the consumable electrode and the mold wall. (Conventional 
furnaces of this type are almost %3 smaller at this vital point.) The “big inch” in 
Carpenter's furnace provides more exhaust space to carry off harmful gases. It also 
gives Carpenter technicians more precise vacuum control during the arc strike as 
well as during the entire melting process. As a result, you get cleaner, more uniform 
alloys from core to surface. Segregation and variation in grain size are minimized . . . to assure you 


consistent, predictable performance from your vacuum melted alloys. The “big inch” is only one 


of many exclusive Carpenter quality controls in consumable electrode, MEL-TROL® and vacuum- 
induction-melted (VacuMeltrol®) specialty steels. Ask your Carpenter representative for the full 


story behind these alloys and how they benefit you. 


[arpenter steel 


you can do it consistently better with Carpenter Specialty Steels for specialists 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N. J. 

Webb Wire Division, New Brunswick, N. J. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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ALLOYS 


FABRICATED 


some need ’em HEAVY 


some prefer ’em LIGHT 


but everybody benefits from 
BALANCED DESIGN FEATURES 


That is why Rolock designs and builds 
baskets to meet the individual customer's 
job needs, using many PROVEN basic 
design features pioneered by us in this 
field . . . corrugated, plain sided, or 
perforated . . . with or without Rolock 
pressure-welded grids and screens. .. in 
types and sizes for all popular pit-type 
furnaces . . . or with custom features to 
meet special requirements. 

Rolock experience can be extremely 
helpful in cutting furnace-hour basket 
costs .. . in suggesting how to expedite 
flow of work ... in aiding efficient quality 
control. Write us and see. 


or ROLOCK 


FURNACE BASKETS 


Most of our customers, naturally, insist that fur- 
nace baskets be rugged, with more-than-ample 


safety factors . . . and maximum service life. 


But Rolock’s long and specialized engineering 
experience shows that no one design concept 
. and that 
sheer weight in heavy castings or oversize sec- 
tions does NOT insure either safety or long 
service. Where reduction can be achieved in 


can meet all service conditions . . 


the weight of baskets and fixtures, this means 


more ‘‘payload” and lower fuel costs. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 
ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


1JOB-ENGINEERED for better work 


Easier Operation, Lower Cost 
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and hardness, yet its original Charpy 
value of 56.5 ft-lb. remained un- 
changed after two years at 715° F. 
and dropped only to 36 after six 
years (impact tests at 70° F.). The 
latter figure is the second best of all 
values for the Series 400 steels at 
the end of their exposures at 715° F. 
Another example is a type 405 steel 
(Code D, Treatment III, giving a 
coarsened grain) which is rated as 
“good” after six years at 715° F. by 
virtue of only small changes in yield, 
elongation and hardness, yet its 
original impact value of 5.1 ft-lb. 
(quite low) was reduced to only 2 
ft-lb. at the end of the test. 

Since the field tests now reported 
by Mr. Scheil were started, instances 
of embrittled Type 405 steel in refin- 
ery equipment have been turning up 
periodically. His new data show that 
this is to be expected of some heats 
of this alloy, but that others can be 
expected to resist embrittlement 
quite satisfactorily. I believe that 
his paper would have been more 
helpful if it had shown how specifi- 
cations should be modified so as to 
obtain a nonembrittling Type 405 
steel. This is the kind of informa- 
tion the petroleum industry and other 
users need. They also require assist- 
ance from fabricators like A. O. 
Smith Corp. in seeing to it that steels 
conforming to such specifications are 
obtainable from the steel industry. 
There is no need either to condemn 
or defend all Type 405 steels. 

R. W. MANUEL 
Engineering Department 
Socony Mobil Oil Co., Inc. 


Mr. Scuei.’s Repty — Apparently 
the major difference between Mr. 
Manuel and me is that he wishes to 
rate the steel’s embrittlement pri- 
marily on the 70° Charpy impact 
values. I will not argue that point, 
other than to say that I think the 
standard tensile test is of much im- 
portance to designers, and that the 
yield and elongation of those steels 
and conditions graded “good” to 
“excellent” after the long-time tests 
were not altered to a disturbing 
degree. I would also state that these 
tests were planned 12 years ago and 
that we did not have unlimited ma- 
terial to test or means to expose. 
In the intervening time, other ap- 
praisals of “embrittlement” than 
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. PRE-HEAT 
1. At controlled rate (adjustable), 
2. At rate of slowest zone, or 
3. At maximum rate on all zones 
B. SUB-SOAK 

1. Hold for given length of time, or 

2. Hold only until all zones reach this temperature 
C. PRE-HEAT 

1. At controlled rate (adjustable), 

2. At rate of slowest zone, or 

3. At maximum rate on all zones 
D. SOAK TEMPERATURE 

Hold time adjustable between 0-10 minutes 
E. COOLING 

1. At maximum rate, or 
2. At controlled rate 

. Initiate Further Cooling 
. Hold Time adjustable between 0-8 hours 
. Maximum Heating Rate 
. Hold Time adjustable between 0-3 hours 
. End of Program 


G 
H 
J 


Designed for applications where temperature uniformity 
is of prime importance, L&N’s new master-slave program 
control system has the flexibility to take your product— 
with minimum temperature gradient—through various 
heating and cooling cycles. It is currently being used in 
brazing stainless steel honeycomb panels for supersonic 
aircraft and missiles. 


You can use this system on either batch or continuous 
furnaces . . . can control from either work or furnace 
temperatures. Heating cycles may be at a fixed rate, or 
at the rate determined by the slowest or fastest heating 
zone. As many as twenty-four zones may be automati- 
cally controlled by one master-slave programmer. 


This master-slave system is available with 3-action 
P.A.T. control for fuel-fired furnaces; with 3-action 
C.A.T. control for continuous, stepless regulation of 
input to electric heaters or blankets; or with D.A.T. con- 
trol for either electric or fuel-fired furnaces. 


The system includes Speedomax® H controllers with 
appropriate couples and control devices for each zone; 
and a master-slave programmer for automatically and 


NOVEMBER 1960 


When temperature uniformity is a must...reproduce your heat- 


treating cycles with L&N’s new master-slave program control 


Pioneers in Precision 
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continuously adjusting control-point for each zone. 


If your process can benefit from precisely controlled heating 
and cooling, you may be surprised to learn how large a 
return you can get by modernizing with this quality instru- 
mentation. For details, call your nearest L&N office, or 
write us at 4927 Stenton Ave., Phila. 44, Pa. Ask for 
Process Data Sheet 660(2). 


Thermocouples 


Zone 1 Zone 2 Zone 3 


Final Control Final Control Final Control 
Device Device Device 
Control Soak 
Point Temperature 


Master/Slave Programmer 


LEEDS IN NORTHRUP 


Automatic Controls e Furnaces 


When you buy temperature 
control equipment, remember 
this very important fact: 


Hoskins Chromel and 


Alumel thermocouple alloys are 


the only base metal materials known which are unconditionally 


guaranteed to register true temperature-emf values within close 


ver the entire operating range from —300°F 


to +2300°F. And that’s just one of many good quality reasons 


why cost-conscious heat treaters ask for them by name 


Chromel-Alumel 


THERMOCOUPLE ALLOYS 


mauvours 


400 1200 «(1600 
TEMPERATURE DEGREES FAHMENMET 


Available through instrument manufacturers, thermocouple fabricators, 
and pyrometer service companies. Write for complete technical data. 


Genuine Chrome! and Alumel are produced exclusively by 
* Trade names you can trust 


for accurate HOSKINS MANUFACTURING CO 
temperature measurement! 4441 Lawton Avenue «+ Detroit 8, Michigan 


Custom Quality resistance, resistor and thermo-electric alloys since 1908 
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room-temperature Charpy values 
have been proposed by investigators, 
and received much support. In the 
original article, at bottom of p. 109, 
I say: 

“We now know that a more con- 
cise method of evaluating the aging 
effect on notch toughness would 
have been to determine the energy- 
temperature curve of each steel and 
then set the temperature for an arbi- 
trary energy value. The aging effect 
would then amount to the increase 
in temperature required to obtain 
the arbitrary value of energy after 
exposure.” 

I would also like to remind Mr. 
Manuel that it is quite general for 
the chromium steels to show brittle 
fracture in notched impact tests at 
room temperature. A good example 
is the 4 to 6% chromium tubing, 
fathered by E. S. Dixon of the 
Texas Co. Let me quote some of his 
remarks in Chapter 18 of “The 
Book of Stainless Steels”: 

“Tubes made of 4 to 6% chromium 
steel when operating hot (above 
300° F.) are ductile and tough. The 
impact value for this steel when hot 
is excellent. . . Although tubes of this 
alloy are strong, ductile and tough 
when heated, a tendenc y to be brittle 
when cold developed eventually after 
operation. . . The precautions to be 
taken are to clean the tubes when 
the unit first comes off the line, or 
before the tubes have cooled to a 
minimum metal temperature of ap- 
proximately 300° F. If the tubes 
have cooled below the minimum 
metal temperature, they should be 
reheated before starting the turbin- 
ing or cleaning operation.” 

Certainly this very useful alloy 
would have been a complete failure 
had it not been discovered that the 
dangerous “embrittlement” did not 
exist above 300° F. 
ture the opinion that, even in the 


I would ven- 


“embrittled” condition, any of the 
steels studied in our recent investi- 
gation would be perfectly ductile 
under a notch in bending if the test 
temperature were 300° F. or higher. 
Consequently a low Charpy value 
at 70° F. in this family of steels is 
not a serious problem except during 
fabrication of cold metal with 
abraded scratched surfaces, 
notches or sharp corners. Most 
people therefore tend to “baby” 
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FOCUS ON 


all your Metallurgical Microscope needs 


Now, there is a quality Elgeet-O_ympus inverted 
metallurgical microscope to do every job . . . from 
production line inspection to complex research projects 
Elgeet . . . a new standard of quality, the most remark- 


able value on the market today 


Model ME 
Inverted metallurgical and biological microscope com- 
plete with all optical equipment. $556.00 


Model PMF 

Metallurgical research microscope of the inverted “Le 2 

Chatelier” type, providing bright field, phase contrast, “ 
and polarized light illumination .. . all in one instru- . 


ment. Complete with all optical equipment, built-in 
Model PMF 


camera, and swivel base mount. $2,465.00 % 
WRITE DEPT. M-7 @ 10 DAY FREE TRIAL @ IMMEDIATE DELIVERY 
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| Correspondence . . . 
high-chromium steels, and work 
them only when warm. I am quite 


sure any of the steels in our test can 


be welded successfully, even though 
strongly embrittled by a stay in the 
temperature range of 700 to 900° F., 


by the simple expedient of pre- 


heating the metal. 
We must be realistic. Fabricators 
and users alike must live with these 


conditions. Knowing what to expect, 


Earns Its Pay By 


avoid trouble. 


CISE Lastly, Mr. Manuel asks for a 
E specification for a nonembrittling 

Type 405 steel. We know what the 
= FO M A N C desirable chromium is, but if you 
specify less than a 2% range, you 
pay a premium. Likewise, the paper 
indicates that molybdenum has a 
marked tendency toward reducing 
the tendency toward embrittlement 
in long service at 715 and 900° F. 
This addition also costs money. One 
purpose in publishing the paper was 
to give intending users enough in- 
formation so they could decide which 
composition would satisfy the re- 
quirements for any particular appli- 


tion. It might be a lot less expensive 


to handle the alloy at some safe 
temperature in the embrittled condi- 
tion than to pay the cost for a special 
alloy with restricted range of ele- 


Where performance is important, Sandvik spring steel quality is well worth wees 7 hese are basic economics 
its price. Many spring steel users have found that Sandvik delivers the exact per- which the engineer must handle. 
formance they want under their tools and in their products. From personal experience I be- 


Sandvik’s purity, small lot processing and painstaking quality control assures lieve that it would be impossible to 
your money's worth in consistent quality write a specification for any grade 
performance. ao. checked during rolling of steel which would satisfv every 

In addition to the wide variety of qualities i : customer. This is probably the rea- 
and sizes carried in stock, Sandvik has local facili- wee son why in the alloy industry today 
ties for custom-processing and finishing to your ae we have so many variations in 
requirements. chemical analysis. 

For specific physical properties plus accurate 
flatness, straightness, width, gauge and edge 
finish, specify a Sandvik spring steel. mee! Ee Houston, Tex. 


The appraisal of several high- 
Send for free brochure on various Sandvik cold 


chromium steels after many vears’ 
rolled and hardened and tempered strip steels. pee 


exposure in operating refinery equip- 
ment should clear away some of the 


S N D doubts one. still hears about the 
A V | K T E F L ; N ( Type steel. 
1702 Nevins Road, Fair Lawn, N. J. AS I see stanc ing actor in 

Tel. SWarthmore 7-6200 * InN. Y. C. Algonquin 5-2200 the materials given top ratings in the 

Branch Offices: Cleveland * Detroit * Chicago * Los Angeles summaries is the beneficial effect of 

SANDVIK CANADIAN Werke Sunddhen fen Sta. O. Montreal 9, P. Q. molybdenum. For example, 405, 4. 

Mo is rated “very good” for service 
at both 715° F. and 900° F; 
Vous ons 410+Mo is rated “best” at 715° F. 


STEEL 
EE © Cy Ee — ww and “very good” at 900° F. “Sicro- 


mo” is rated “very good” at 
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Pinwheels for an Inferno 


Turbine wheels in today’s jet engines face 
intense heat and ultra-precise operating 
requirements. Austenal’s Microcast Division 
checks them for soundness with radiography 
using Kodak Industrial X-ray Film, Type AA 


Whirling at fantastic speeds at 
white heat is no sissy job. It takes 
castings molded to utmost accu- 
racy to stand up dependably in a 
powerful jet. 

Austenal Company, Micro- 
cast Products, casts such intricate 
parts as these by the “lost wax” 
method —and to check, lest any 
flaw lies hidden within, the cast- 
ings are radiographed on Kodak 


Industrial X-ray Film, Type AA. 

This is the way to be sure only 
high-quality work reaches the 
customer. It is a way good repu- 
tations are built and new business 
won. 

Wouldn’t you like to know 
how radiography can work for 
you? Talk it over with an x-ray 
dealer or write us for a Kodak 
Technical Representative to call. 


EASTMAN KODAK COMPANY 


X-ray Division 


NOVEMBER 1960 


Rochester 4, N. Y. 
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Read what Kodak 

Industrial X-ray Film, 

Type AA, does for you: 

© Speeds up radiographic exami- 
nations. 


© Gives increased detail visibility 
and easy readability at all 
energy ranges because of high 
film contrast. 


@ Provides excellent uniformity. 


@ Reduces the possibility of pres- 
sure desensitization under shop 
conditions. 


Oclayke 
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How does your wire flattening equip- 
ment measure up to the standards set 
by Fenn Lines that are operating today 
in the plants of both ferrous and non- 
ferrous producers? Advanced engineer- 
ing features, greater versatility, and 
higher operating speeds, provide users 
with important competitive advantages. 
For example, this Two-Stand Tandem 
Fenn Line exemplifies the finest preci- 
sion ferrous wire flattening equipment. 
It is helping one of the nation’s largest 
wire producers to deliver high carbon 
flats and rectangles to critical toler- 
ances at production speeds up to 1500 
fpm. Fenn engineers welcome the op- 
portunity to design and build equip- 
ment to your exact production and 
competitive requirements. 


Visit Fenn Hospitality Suite 
at the Wire Convention. 


with 
precision 
ferrous \ 


WIRE 
FLATTENING 
MILLS 


Line consists of a 
motorized pay-off, a Mode/ 
082 Two-Stand Tandem 

8” Roller Bearing Rolling 

Mill with DC variable 

speed drive, and a hydraulic 
traversing take-up reel. 
Features of the mill include: 
carbide shell rolls (8” 
diameter x 2” face), electric 
powered screwdowns, 

internal and externa/ coo/ant 
system, automatic /ubrica- 
tion, friction driven edger, and 
continuous width and thick- 
ness gauges. Tension 

and speed synchronization 

are regulated by dancer 

roll control. 


FENN MANUFACTURING COMPANY ® 503 FENN ROAD © NEWINGTON, CONN. 
Circle 2001 on Page 48-B 


Correspondence . . . 


715° F. and “good” at 900° F. 
Why, therefore, is not this modifi- 
cation used for all linings where 
405 is specified? Is it that molvb- 
denum introduces some problems in 


welding? 


To the design engineer there ap- 
pears to be little choice between the 
410 + Mo and the 405 + Mo fo 
best over-all results, except that he 
may get a little confused by the 
poor showing of the Code F steel, 


high in chromium and low in carbon, 
which was rated “poor” for the 715° 
F. exposure. (Incidentally, the 
straight Type 405, Code D, does 
not look very good either at that 


temperature. ) 


The unfortunate metallurgist has 


a more complicated job. He must 
juggle the 


against prior treatments and _stabil- 


chromium equiy alent 


izing agents so as to keep the analy- 


sis inside of the gamma loop without 


being absolutely sure that it should 
be kept there. He would like to 


grain coarsen it to enhance its tough- 


ness but runs into 


fabricating 


trouble. That makes it a little rough! 
F. K. Zerst 


Mr. Scuett’s — The only 
logical answer I can give to the 
question “Why is not 405 + Mo 
always used?” is that the cost is 
slightly more. I know that Standard 
Oil of California has used it for many 


lined coke drums, and I understand 


that one of the reasons for thei 


preference for the chromium stain- 


less steels with molybdenum added 


was that they had never found any 
9 Cr, | Mo stainless steel which had 
embrittled in service. I cannot recall 


any difficulties we have had in weld- 
ing or forming of Type 405 + Mo 
stainless steel. We did notice at one 


time that the grain was decidedly 


coarsened when the forming tem- 
peratures exceeded 2100° F. This, 
however, did not interfere with the 


nonhardening properties. We ran 
some tests of about 8000 hr. dura- 
tion at the dangerous 885° tempera- 
ture and could not detect any em- 
brittling 
coarsened condition. 


tendency in the grain 


Bayonne, N. J. 
The data in Mr. Scheil’s pape 
appear at first sight to show that the 
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DIFFRACTION AND 


SPECTROSCOPY 


EQUIPMENT 


+ 


raves 


for analysis of the lighter elements 


Especially suited to the X-ray spectro-chemical analysis 
of elements below atomic number 22, RCA’s new Vacuum 
Spectrometer permits the use of three samples at one 
time. Samples— powders or solids—can be moved in and 
out of the vacuum path without breaking vacuum. The 
need for helium is eliminated, but air or helium can be 
used when desired. A flange connects the sample chamber 
directly to the X-ray tube, making higher intensities 
possible, and eliminating the need for a second beryllium 
window. From a cold start the recommended vacuum of 
0.1mm or 100 microns can be reached in less than two 
minutes. Designed primarily for the analysis of lighter 
elements, the Vacuum Spectrometer can be used to advan- 
tage with heavy elements to give higher intensities. 


The Vacuum Spectrometer is one of a wide range of 
attachments and accessories available for RCA X-Ray 
Diffraction and-‘Spectroscopy equipment which contribute 
to its extreme flexibility of application. Installations 


already made in some of the nation’s leading research 
laboratories are demonstrating the efficiency, technical 
excellence and versatility of these instruments. 


Installation supervision and contract service for RCA 
Electron Microscopes and X-Ray Diffraction and Spec- 
troscopy Equipment are available through the RCA 
Service Company. 


For details on the new Vacuum Spec- 
trometer or RCA's full line of X-Ray 
Diffraction and Spectroscopy equipment, 
write to RCA, Dept. N-72, Building 15-1, 
Camden, New Jersey. 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 


NOVEMBER 1960 


Vacuum Spectrometer and a Diffractometer mounted on 
Crystalloflex 1V and connected to Electronic Circuit Panel 
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The CECOMATIC Forging Process, based 


on the revolutionary Chambersburg Impacter, makes 
possible the continuous and automatic production of 
precision drop forgings. If you are a manufacturer 
whose products include drop forged components, 
you must consider mechanized forging in your 
plans for the future... your competition will do so— 
sooner or later. Practical information, with examples 
of successful mechanized forging operations, are 
included in the brochure, *“The Automatic Produc- 
tion of Forgings in Closed Dies’’. Write for a copy 
today, to Chambersburg Engineering Company, 
Chambersburg, Pennsylvania. 


CHAMBERSBURG 


DESIGNERS AND MANUFACTURERS OF THE IMPACTER 
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steels containing 8 to 13% chromium 
do not suffer from “885° embrittle- 
ment”. Upon studying the paper, 
however, I believe that it is plaving 
a prominent role. 

My interest dates back to som 
research done at U.S. Steel Corp.'s 
research laboratory published 
in Transactions of the American In- 
stitute of Mining and Metallurgical 
Engineers in 1953 (Vol. 197, p. 690 
A chromium-rich precipitate was 
found and identified with the em- 
brittlement. The implication was 
clear, then, that the iron-chromium 
system was actually age hardening 
at temperatures lower than those 
necessary for sigma phase to form 
Subsequent work at Carnegie Insti 
tute of Technology verified the 
mechanism and established a new 
“equilibrium” diagram (see Williams 
and Paxton, Journal of the Iron and 
Steel Institute, Vol. 185, 1957, p 
358). This paper suggests that a 
miscibility gap occurs in the system 
below 970° F. and, further, that the 
solubility of chromium in iron at 
885° F. is about 10%. 

I also understand that H. | 
Blackburn of the metallurgy depart 
ment of Cambridge University has 
recently secured electron photo 
micrographs showing early stages of 
precipitation in a 21% Cr steel afte: 
heating at 885° F. It may be that a 
similar study of the Code F steel 
(low-carbon 405 + Mo) would be 
most informative. 

I suggest Code F steel because it 
shows ve ery pronounced effects ot 
aging at 715° F. Indeed its original 
Charpy impact (30 ft-lb. in an- 
nealed condition) has dropped to 
2 ft-lb. after six years’ exposure, 
while the original hardness, B-77, 
has increased to B-94. The data 
for the same steel exposed to 900” F. 
may perhaps show some sign of 
overaging during the interval be- 
tween 21,000 to 74,000 hr., because 
the hardness slightly decreases and 
the Charpy value slightly increases 
in that interval. 

Another possibilitv, I believe, 
should be borne in mind. and that 
is that the three heat treatments for 
Conditions I, If and Ill mav have 
altered the amount and distribution 
of the carbides and nitrides in the 
steel — and possibly other elements 
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we're talking here to analytical chemists, crystallographers and metal- 
lurgists who know their way around x-ray diffraction and 


we } x-ray fluorescence analysis equipment. To people like you 


the importance of the advances cited below will be abun- 


ae): dantly clear. To others of lesser technical background, any 
a Vm local Picker representative will be glad to explain their 
\ significance in terms of greater analytic versatility, easier 


operation, more accurate results. 


~ 


) 


~~ 


The big central access port in the diffractom- 
eter permits quick set-up of vacuum or 
helium path attachments with neat disposi- 
tion of wires, vacuum and gas lines, etc. 


unique Biplane Diffractometer is just one 
of many reasons why new Picker equipment 
for X-ray Diffraction and Fluorescence Analysis 


lets you do morel/ more accurately 


because it’s the only one that lets you 

handle any kind of specimen—solid or liquid—with equal ease 
because you can operate it horizontally (as shown above) or vertically (as in 
tint panel) or even run two diffractometers simultaneously 


rotate sample independently about diffractometer axis for special 
precision-procedures . Makes for jiffy alignment of 
specimen or analyzer crystal, or detection of preferred orientation 


increase or decrease the take-off angle (down to zero, if you like) 
without having to realign the x-ray tube 

save hours fussing with x-ray tube alignment because the tube mounts directly to the 
diffractometer: once aligned it stays that way permanently. You can even interchange x-ray 
tubes without having to realign 


vary scanning pattern and technic from remote control—choosing 
continuous scan or step scan (with selectable increments) or oscillation: manual or motor-driven 


some other reasons include a spanking-new completely integrated Radiation Analyzer— 
first electronic ensemble designed specifically for x-ray diffraction. 
Digital printout by preset time or preset count. KV and MA Monitor Control 
for high-precision reproducibility. New camera-type diffraction 
table with A.C.A. accepted dovetail tracks... 


dozens more. . . but, alas, we have to stop somewhere. Get the fu// story on this 
remarkable new equipment from your local Picker representative (see phone book) or 
write Picker X-Ray Corporation, 25 South Broadway, White Plains, New York. 


if it has to do with RADIATION | it has to do with 
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world 


positive temperature control 


1. Pyrotroller—an electronic temperature 
controlling instrument. 


2. Pyrotac—o safety excess 


Dependable automatic control of on slam. 
temperatures in heat treating 

furnaces, ovens, plastic moulding, 

cooking vessels or for any constant the Alnor Flux 
temperature requirement. Operates 


to prevent overheating even with 
power failure. . 


The simple, rugged circuitry in the Pyrotroller has a minimum 
of components that operate well below their rated capacities. 
The circuit is not critically tuned and there is no need for 
repeated adjustment, no shifting of the control point, no need 
for preselection of the one standard vacuum tube. Sapphire jewel 
bearings and the very high Alnor standard of precision 
construction makes the Pyrotroller extremely accurate 
particularly in the low temperature ranges. 


The Alnor Pyrotroller is available in a wide range of 
temperatures, —100° F. through various maximum temperatures 
up to 3000° F. The minimum scale span is 400° F. and 
various ranges can be supplied to meet your particular installation. 
Write for complete information. Our engineering service is 
available on special requirements. 


ALNOR INSTRUMENT CO. 


lbnor Division of Illinois Testing Laboratories, Inc. 


Room 523, 420 N. LaSalle St., Chicago 10, Illinois 
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in the matrix—and that this was, 
further intensified by long exposure 
at high temperatures. 

KENNETH G. CARROLL 


Research Laberatory 
International Nickel Co., Inc. 


Mr. Repty — Mr. Car- 
roll undoubtedly has made a good 
suggestion when he says that our 
samples might well be carefully 
studied under the electron micro- 
scope. Mr. Thielemann truly ob- 
served, in his letter to Metal Progress, 
June 1960, p. 138: “At 750° F., 
embrittlement can be due to several 
possible factors, and I believe that 
the predominant one is a disorder- 
to-order transformation which is re- 
tarded by such factors as cold work, 
impurities, and the diffusion rates of 
the alloying elements present. . It 
follows that embrittlement has al- 
ways been and still is a difficult 
phenomenon to pin down.” Erec- 
tion of barriers to the disorder-to- 
order transformation is very likely 
the reason we had best results with 
chromium steels after slight cold 
working. 


Refractory Metals . . 


(Continued from p. 87) 


(as little as 10% porosity will de- 
crease strength by about 50%), this 
is a major problem in nonmetallic 
materials. 

Oxides generally are quite stable 
in air at temperatures up to their 
melting points, but a few — magne- 
sium oxide is one — volatilize at 
much lower temperatures. Some 
oxides are also susceptible to hydrol- 
ysis reactions with moist air. The 
disilicides resist oxidation in air be- 
cause they form a plastic self-heal- 
ing, protective film of silicon dioxide 
on the surface. However, molybde- 
num disilicide, the most attractive, 
is much less resistant to oxidation at 
intermediate temperatures (around 
1650° F. or 900° C.) than at high 
temperatures. The volatility of 
their oxides makes refractory metals 
(particularly molybdenum and tung- 
sten) very susceptible to oxidation 
in air at high temperatures. Promis- 
ing approaches to the solution of this 
problem include (a) alloying to form 
complex oxides which are not vola- 
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VAC-ARC BG 41 

‘‘hot hardness”’ withstands 
critical braking action 

of new Boeing 720 


Through the use of thrust reversers and wheel brakes, the new 
Boeing 720 has been brought to a full stop within 2200 feet after 
runway touchdown—bringing high speed jet service to restricted 
runway facilities throughout the world. 
The thrust reverser bearing assemblies, made of Latrobe’s new 
Vac-Arc BG 41 Stainless (modified Type 440 C), withstand the critical 
stresses at elevated temperatures imposed by the braking action of 
reversing the jet engine thrust. 
Thrust reverser bearing assemblies, made of Latrobe's Here's another example of Latrobe Metalmasters meeting the 
challenge for super steels in the jet and missile age. Vac-Arc Steels 
800°F. as new Boeing 720 jetliner brakes to a stop. (consumable electrode vacuum melted) continue to set new stand- 
Bearings by Torrington Co.; Thrust Reversers by Rohr ards for cleanliness, homogeneity and high strength. 
Do you have a high temperature-high strength specification 


problem? Call Latrobe! 


Skillfully LATROBE STEEL COMPAN Y 


made LATROBE, PENNSYLVANIA 


in U.S.A. 5 Branch Offices and Steel Service Centers: 

by BOSTON + BUFFALO + CHICAGO + CLEVELAND + DAYTON «+ DETROIT 
HARTFORD + LOS ANGELES + MIAMI + MILWAUKEE + NEW YORK 
PHILADELPHIA + PITTSBURGH + SAN LEANDRO + TOLEDO 
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Continuous Heat Treating Depends 
on Continuous Product Flow and... 


Aluminum piston heads flow on Ashworth Balanced Weave design B 60-38-14. It affords the required 
smooth surface characteristics to facilitate transfer and minimize product marking. 


ASHWORTH KEEPS YOUR PRODUCT 
ON THE MOVE... CONTINUOUSLY! 


In brazing, hardening, quenching, annealing, tempering, wash- 
ing, sintering . . . any operation that demands continuous 
product flow .. . Ashworth Metal Process Belts can help you 
reduce handling and maintenance costs. 


Ashworth Metal Process Belts can be fabricated from any 
metal or alloy . . . with any required surface characteristic. 
Skilled Ashworth Engineers have designed these belts to with- 
stand and operate at temperatures up to 2100°F. Ashworth 
open mesh design permits circulation of processing atmosphere, 
or free drainage of process solutions in quenching, pickling 
and tempering. 


Engineering, plus accurate selection of wire analysis, plus 
careful fabrication insure quality woven into every Ashworth 
belt. You can depend on Ashworth to carry the load... 
continuously. 


Consult your nearest Ashworth Sales Engineer 
( or write directly to: 


ASHWORTH BROS., inc. 


WINCHESTER, VIRGINIA 
Sales Offices In Principal Cities 
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tile: (b) alloying to prevent cracking 
of scale by reducing its specific vol- 
ume to more closely approximate 
that of the base metal; (c) alloving 
with elements whose oxides are ther- 
modynamically more stable than that 
of the base metal; and (d) protective 
coating. 

Compared with metals, nonmetals 
exhibit poor low-temperature duc 
tility. Basically, most polycrystalline 
oxides, carbides, nitrides and the like 
remain brittle up to the melting 
point. The intermetallic compounds 
do exhibit some plasticity, but even 
the most ductile of these has about 
the same _ transition temperature as 
does the most brittle of the metals 
Furthermore, advances in the tech- 
nology of purification, grain refine- 
ment and hot-cold working proce- 
dures offer considerable hope for im- 
provements in low-temperature duc- 
tility of the metals. Figure 6 (p. 86) 
shows how elastic modulus varies 
with temperature. 

The resemblance between the ele- 
vated-temperature behavior of met- 
als and nonmetals is remarkable. 
Both lose strength rapidly above 
homologous temperatures — in the 
range of 0.35 to 0.60; this is caused 
by an analogous change in fracture 
characteristics from transcrystalline 
to intercrystalline. Properties which 
are structurally useful are generally 
maintained up to a homologous tem- 
perature of about 0.60. 

Strength increases which seem to 
occur in nonmetals with increasing 
temperature are believed to be mere- 
ly a manifestation of excessive notch 
sensitivity at the lower temperatures. 
(In other words, fracture occurs be- 
fore the intrinsic strength of the ma- 
terial is reached.) The same phe- 
nomenon is observable in notched 
specimens of molybdenum. How- 
ever, the strengths of metals below 
their recrystallization temperatures 
are much greater than those of non- 
metals, and only above 4350° F. 
(2400° C.) does graphite show 
higher strength than metals 


Alloying Behavior 


The refractory metals exhibit all 
varieties of alloying characteristics: 
their constitution diagrams vary from 
complete miscibility to no interaction 
at all. However, they seem to have 
one thing in common. None of them 
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RADAC 


... multiple-frequency eddy current inspection unit 


The Budd/Metrol RADAC Model 302... 
latest addition to Budd’s expanding line of 
specialized equipment for quality control 
...is a two-channel electromagnetic in- 
strument that brings new versatility, sensi- 
tivity, selectivity and speed to the nondestructive testing 
of metals and metal products. Combining the principles 
of Fourier analysis and phase analysis for the first time, 
the RADAC’s flaw detection channel ignores internal 
stresses, dimensional variations and variations in physi- 
cal properties . . . is sensitive almost exclusively to 
discontinuities. Its second, or absolute channel, comple- 
menting the first channel, is selectively sensitive to such 
variables as diameter, wall thickness, eccentricity, 
coating and plating thickness and physical properties. 


Simultaneous two-channel operation is obtained from 
a single sensing head, and both outputs can be recorded 
at the same time with a dual channel oscillograph 
recorder. Focused field test coil sensing heads... 
another exclusive RADAC feature . . . increase the 


information content of the test signal by properly 
shaping the electromagnetic field, providing excep- 
tional sensitivity and ability to resolve variables. 

The wide choice of test frequencies available with 
the RADAC covers the range from 1 kilocycle to 4 
megacycles. Test coils include OD, ID, area probe and 
microprobe types. Frequency change boards and test 
coils are supplied as plug-in units for fast changing, 
making the RADAC a highly flexible tool for both 
surface and deep inspection of flat stock, bar stock, 
tubing and varied other shapes. Punched card pro- 
gramming is available on single-channel RADAC Model 
440, enabling RADAC inspection to be applied under 
production line conditions by semi-skilled personnel. 
For detailed description, write for Bulletin IM-1000. 


Other outstanding test equipment from Budd/Metrol: 
Model 810 Electromagnetic THICKNESS GAGE ... 
Model 910 HEATCHECK for alloy identification . . . 
both fully transistorized and portable. Ask for Bulletins 
IM-1001 and 1002. 


owision 


THE BUDD COMPANY - P.O. Box 245 - Phoenixville, Pa. 


Consult your phone book for sales offices in: Atlanta, Ga.; Oak Park, IIl.; Detroit, 
Mich.; Seattle, Wash.; Dallas, Tex.; Los Angeles, Calif. 
In Canada: Budd Instruments, Ltd., 170 Donway West, Don Mills, Ont. 
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Picture-in-a-minute photomicrography 


with the AO METALLOGRAPH 


SEE | } ...in just 60 seconds 
With the AO Metallograph you perform every operation while sitting comfortably at 
a modern desk. You can take notes, change magnifications, orient specimens, make expo- 


sures, all with unbelievable speed and ease. A coupled visual and photographic system 
makes photomicrography easy and routine. 


AO's “Workhorse” Metallograph combined with the Polaroid Land Camera back gives 
you Photographic prints in just 60 seconds. A truly unbeatable combination for quick, 
precise visual observations and “ picture-in-a-minute” photomicrography. 


While you examine the specimen through the eyepieces the image at the film plane is 
focused automatically. You simply snap the shutter...see the Polaroid print in just 60 
seconds. This photographic record is permanent, can be filed for review anytime, anywhere. 


The Merallograph camera aperture also will accommodate a regular 5” x 7” fixed camera 
back. In addition to 5” x 7” film, you can use 4"x 5” and 3%" x 4%” plates or cut film by 
means of adapter film or plate holders. For further information mail handy coupon. 


American Optical 


OC Please send me complete information on the AO | 

| Company 


“Workhorse” Metallograph and accessories. 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 
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demonstrate allotropy — their crystal 
structures are stable at all tempera- 
tures. While this limits the possi- 
bilities of control of properties by 
heat treatment, it does offer one im- 
portant advantage. When an opti- 
mum alloy with a desirable micro- 
structure is developed, it is likely to 
be stable at all temperatures. 

In designing optimum structural 
alloys, elementary solid-solution 
hardening is considered first. To be- 
gin, researchers study the rates at 
which various solute elements con- 
fer strength on the base metal, and 
also the attendant diminution of duc- 
tility. Then, more complex alloys 
containing optimum quantities of the 
two or three best individual solutes 
are analyzed. The results are almost 
always at least additive, and often 
there are other actions which are 
even more useful. By sacrificing 
some ductility, further increases in 
strength and resistance to softening 
during prolonged exposure to ele- 
vated temperatures are obtained by 
adding precipitation hardening (or 
more probably, dispersion harden- 
ing) agents. 

One interesting example of a po- 
tentially important system was pre- 
sented by D. W. Levinson (Armor 
Research Foundation ) who discussed 
the titanium-tungsten phase dia- 
gram. According to him, about 21 
at.% of tungsten could dissolve in 
body-centered cubic titanium, and 
about 25 at.% of titanium would be 
soluble in tungsten. By adding a 
small quantity of another element 
(such as carbon), an alloy could 
possibly be developed which would 
be strengthened at elevated tempera- 
ture by the presence of a dispersion 
of carbides. Further, properties 
could be altered by heat treatments 
which would take advantage of the 
allotropy of titanium. 


Protective Coatings Needed 


Thus far, the rapid destruction of 
refractory metals by oxidizing at- 
mospheres at elevated temperature 
has prevented them from taking their 
predestined place in the high-tem- 
perature materials field. One of the 
perversities of nature is that these 
metals cannot withstand contact with 
an air environment at temperatures 
where their other properties are most 
attractive. As a matter of fact, they 
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Cleveland Alloy Castings, Inc. 


20303 FIRST AVENUE « BEREA, OHIO 
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-acompany... 
> consult with you...we can 
> Save you money ... save you 
> 4 time... because quality and 
how tempered with the 
best possible service is 
reason Cleveland Alloy Cast- 
» 4 qualified and can meet your 
corrosion resistant al 
> Cleveland Alloy make a bid 


Fast Accurate 


PETROLEUM PRODUCTS 


iren 


Sulfur Determinator 


Extremely simple 
direct-reading bu- 
rette. involved 
measuring or com- 
puting. Provides fast 
accurate analysis of 
sulfur content in 
scores of materials. 
Low cost, durable, 
easily maintained, 
Widely used in com- 
pany laboratories and 
institutions of every 
description. 


Dietert-Detroit Sulfur Determinator 
No. 3104, with combustion Furnace, 


SEND FOR FREE CATALOG! 

16 page Dietert-Detroit Catalog illustrates and describes 
both Sulfur and Carbon Determinators and complete line 
of accessory equipment and supplies. 


HARRY W. DIETERT CO. 
CONTROL EQUIPMENT 

9330 ROSELAWN DETROIT 4, MICHIGAN 
Send me your Carbon-Sulfur Determinator catalog. 
NAME 
ADDRESS 
CITY. 
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are not only subject to gross surtace 
oxidation, but are also embrittled by 
absorbed oxygen. 

Alloys having improved oxidation 
resistance have not been developed, 
except at the sacrifice of other im- 
portant properties such as strength, 
ductility, fabricability and weldabil- 
ity. Consequently, oxidation resist- 
ant coatings are also receiving much 
attention. Although research work- 
ers have recognized that coatings 
must be tailored and selected for 
their particular application, they 
have aimed at satisfying the follow- 
ing criteria: 

1. Exclusion of oxygen from the 
metal surface. 

2. Applicability to complex con- 
figurations by processes 
(plating, cladding, vapor deposition, 
spraving and so forth). 

3. High resistance to development 
of flaws, or capacity for self-healing 
of flaws, resulting from thermal 
cvcling, thermal shock, impact, abra- 
sion, deformation of base metal, o1 


several 


vibration. 

4. Suitability for use on several 
alloys. 

5. Negligible reduction in prop- 
erties of base metals. 

Oxidation resistant alloys which 
are sufficiently ductile to preclude 
flaws are being considered. For ex- 
ample, columbium or molybdenum 
may be coated with Inconel, or a co- 
lumbium alloy containing a high per- 
centage of titanium or zirconium 
might be used to protect a stronger 
columbium alloy. Another type of 
coating employs refractory interme- 
talic compounds such as molybde- 
num disilicide or silicon carbide. 
These are usually combined with a 
ductile or glassy material to add self- 
healing characteristics. | Ceramics 
are also being investigated. Here 
again, a glass or ductile metal must 
usually be included to provide 
enough flow to heal defects. Some 
success has been achieved with alu- 
minum oxide plus glass (to protect 
columbium) and aluminum oxide 
plus chromium (for coating molyb- 
denum surfaces). 

Recent coating development work 
at the Naval Research Laboratory 
(described by G. Sandoz) has indi- 
cated that zinc will effectively pro- 
tect columbium and its alloys from 
oxidation between 1600 and 2000° 


NEW Thermocouple 
Selector 
Switches 


For fast, accurate indication of temperature 
from a number of thermocouples —to aver- 
age readings from several measuring points 
—or to switch a thermocouple from one in- 
strument to another—choose a new compact 
Thermo Electric Selector Switch. 

These switches are compatible with any 
thermocouple or resistance thermometer, 
and any measuring instrument. Steel cases 
are dust and moisture proof, and are easily 
mounted on panel, rack, wall, or table. 


ROTARY SWITCHES 


Capacities -OFF to 6, 12 or 24 measuring 
points. Available with binding post ter- 
minals or bunched leads for soldered con- 
nections. 


KEY SWITCHES 


Accommodate | to 144 sensing elements 
1 ocking or non-locking construction. Choose 
from several different cabinets. 


PUSH BUTTON SWITCHES 
CF to 72 points —interlocking construc- 
tion so that one switch remains “on” unti) 
another is actuated. 


Write today for catalog 24-2-16 


Electric CO., INC. 


SADDLE BROOK, NEW JERSEY 
Jn Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 
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Price is Only 

Small Part of the 

‘Trichlorethylene 


\ 


The Efficiency Your Cleaning 
Operation Is of Much More Importance 


Detrex Perm-a-clor is universally recognized as a premium 
grade solvent, selling at regular price. There is none better. 


Buying from questionable sources or the use of unproved Depend on DETREX for 
solvent can result in an inferior finishing operation which and homae ooe 
actually costs money instead of saving it. (Trichlorethylene) 
* Solvent Degreasers 
One sure way to save real money on trichlorethylene is through : pee a ee 
us 
© Phosphate Coating Compounds 
an expert engineering analysis of the overall degreasing © PAINTBOND Conspounds 
operation— your equipment, your methods, the proper © 
f | © Rustproofing Materials 
instruction of your people. © Extrusion and Drawing Compounds 


© Spray Booth Compounds 


Detrex engineers have been making such operational studies 


for more than 30 years. In many, many instances they have set 


up a program that has reduced solvent consumption by 15% 
to 25%. They would like to help you. 


CHEMICAL INDUSTRIES, INC. 


Box 501, Dept. MP-1160, Detroit 32, Michigan 


World's Largest Exclusive Producer of Cleaning Chemicals and Equipment 
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F. Actually, just as with any exida- 
tion resistant coating or alloy, it is 
the oxide of zinc which affords the 
protection; its crystal structure makes 
it highly resistant to diffusion of oxy- 
gen. Coating adhesion along with 
additional oxidation resistance is as- 
— sured by the formation of stable 


Easy Operation, 
zinc-columbium intermetallic com- 
Precision Measu rements pounds at the interface. During ex- 


posure to elevated temperatures, zinc 
diffuses to the surface to replace the 


swith Wilson oxide lost by evaporation; this repairs 


any flaws which occur. The coating 


k is easily applied and has a long life. 
oc we However, it has disadvantages. 
he 3 i: Temperature is limited to 2000° F.., 
Ha rdness Testers aa a | the zinc evaporates or deteriorates 

— * rapidly in vacuum or neutral atmos- 
phere, and the coating is suitable 
only for columbium and columbium 
alloys. 


Testing Above 2000° F 


Considerable effort and ingenuity 
are demanded in solving the com- 
plex problems attendant on deter- 
mining mechanical properties of re- 
fractory metals in the temperature 
range where they are most useful. 
Often, special equipment must be 
devised. As one example, G. K. 
Manning described a device used at 

@ No matter what your hardness testing requirements are, Battelle Memorial Institute for test- 
there’s a Wilson Rockwell instrument to do the job easily and accu- 
rately. Long recognized as the world’s standard of hardness testing 
accuracy, Wilson instruments on the production line and in the labo- 
ratory offer these advantages: 


ing in vacuum at 4000° F. Temper- 
ature variations of less than 20° F. 
over a 2-in. gage length have been 
made possible through use of half- 
cylindrical heating elements wound 
with 0.005-in. molybdenum ribbon 
Easy operation— Even an unskilled operator can get perfect readings. All plus an optical pyrometer tempera- 

controls conveniently grouped. ture control through an extended 
Long life—Simple design, rugged construction make Wilson instruments as Vycor-covered port. The vacuum 

durable as a machine tool. in the hot chamber (which is 2% in. 
Easy maintenance—Interchangeable mechanisms, with spindles mounted in in diameter by 8 in. long) is main- 

oil-less bearings. tained by three oil diffusion pumps 
Complete line—Choose from the widest variety of instruments available, backed up by two mechanical 

including semi and fully automatic models. pumps. Loads applied through 


Accuracy—Each instrument is precision-built, with exact calibration, for 
consistently correct results. 


Each diamond is cut to an exact alog RT-58. It gives complete SR-4 load cell at the bottom of the 


shape. A comparator check and chamber; cell output is either read 

microscopic inspection of each tester as well as on ; i ; 

diamond assure perfect readings line of Wilson Rockwell or recorded. An extensometer (to 

every time. hardness testers. ee measure strain) consists of two mo- 


lybdenum wires whose change in 


uN 172 position is read, or recorded by high- 
WILSON 


scope (a microscope with a very long 


Marquardt Corp. uses thermocou- 


Wilson Mechanical Instrument Division ples to help maintain temperature 


American Chain & Cable Company, Inc. control in testing materials up to 
230-F Park Avenue, New York 17, New York 3200° F. Chromel-Alumel is used 


Circle 2013 on Page 48-B 


METAL PROGRESS 


comer 
; 
: 
& 
\ 
144 


Spencer blowers atop Swindell-Dressler electrically heated portable 
furnaces for annealing electrical steels in recirculating protective at- 
mospheres at high temperatures. 


SPENCER Blowers 


Where requirements are critical, you'll usually find SPENCER blowers, 
preferred because of their: 


COMPLETE DEPENDABILITY—Simple, rugged construction (light- PNEUMATIC 

weight impellers the only moving parts) greatly diminishes danger 
of breakdown .. . lessens likelihood of service being needed. | 
NON-CONTAMINATION FEATURE—Complete absence of internal 
lubrication (all bearings are outside of casing) means atmosphere INSTALLED VACUUM SYSTEMS 
cannot become contaminated by oil. ei) 


COMPACTNESS—Solidly built... with no unnecessary bulk. 
PORTABLE VACUUM CLEANERS 
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FINKL TOOK 115,000 POUNDS OF STEEL 


35 MILES UP’ 


TO MAKE THIS 36,000 POUND DIE HOLDER 


“The Fink! Process of vacuum 
degassing steel in the ladle 
duplicates the atmosphere 
found at an altitude of 35 
miles above the earth. 


In this rarefied atmosphere, unwanted hydrogen, 
oxygen, non-metallic inclusions, and other impuri- 
ties are literally boiled out of the molten steel, 
producing cleaner, tougher, stronger, more ductile, 
flaw-free products. 

This 36,000 pound, 40” x 44” x 64” die holder is 
used in a heavy duty press. It was made of Finkl 
FX analysis, Temper 4, and finished machined in 
our shops. 

All Finkl die blocks and hot work die steels are 
made from vacuum degassed electric furnace mate- 
rial produced in our own melt shop. Because of the 
clean, greatly improved qualities, you get more 
forging production, less downtime due to breakage, 
and savings in fewer tool regrinds. 

You get more from Finkl in quality, continuing re- 
search, and engineering service. Call your Finkl 
representative for your forging, hot work die steel, 
and die block needs. 


SPECIFY FINKL DIE BLOCKS FOR 
"IMPRESSIONS THAT LAST” 


A. Finki&SonsCo. 


2011 SOUTHPORT AVENUE * CHICAGO 14, ILLINOIS 


Offices in: DETROIT + 


CLEVELAND 


PITTSBURGH + INDIANAPOLIS HOUSTON 


ST. PAUL * COLORADO SPRINGS + SAN FRANCISCO « SEATTLE » BIRMINGHAM + KANSAS CITY 
BOSTON + LOS ANGELES Warehouses in: CHICAGO + DETROIT + BOSTON + LOS ANGELES 
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up to 2300° F., and platinum-plati- 
num, 13% rhodium is used from 
2300 to 3200° F. According to E. 
C. Bernett, they have found this to 
be the most satisfactory method for 
rapid heating rates. Hydraulic 
loading through an electrohydraulic 
servo valve is controlled by a load 
cell of the differential transformer 
type. A 2-in. gage length extenso- 
meter is used and the outputs from 
it and the load cell are recorded. 
Strain rate capability from 0.00001 
to 0.1 in. per in. per sec. has shown 
that tensile strength can be increased 
up to 800% by changing from the 
lower to the higher strain rate. The 
strength of N-155 at 2100° F., for 
example, was found to be 2000 psi. 
at 0.00001 in. per in. per sec., 6000 
psi. at 0.001, 11,000 psi. at 0.01 and 
16.000 psi. at 0.1 in. per in. per sec. 

Convair has also found that ther- 
mocouples provide the most. satis- 
factory temperature measurement 
and control for rapid heating rates. 
For duplicating service conditions in 
missiles, they have developed equip- 
ment with automatic programing ac- 
cessories whose resistance heaters 
have a capability of 500° F. per sec. 
Strain rates ranging from dead stop 
to 0.1 in. per in. per sec. are con- 
trolled a linear variable- 


transformer extensometer. @ 


Ceramics . . . 
(Continued from p. 92) 


conventional rotating beam fatigue 
test to study the fatigue behavior of 
Al.O, at the elevated temperatures. 
Appropriate cylindrical fatigue spec- 
imens are employed along with a 
specially designed furnace for tem- 
perature control. Such factors as the 
influence of the test environment in 
relation to the mechanism of fatigue- 
crack formation are being evaluated. 
A notable result of these tests is the 
conclusion that the endurance limit 
of Al,O, at 900° C. (1650° F.) is 
not significantly lower than it is at 
room temperature. 


Cermets Also Receiving Attention 


In addition to ‘ceramics, consider- 
able attention is being devoted to 
cermets of various types. Some of 
the more promising cermets are hot 
pressed titanium carbide bonded 
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HOW 
YOU 
WELD 
TAINLESS? 


With stick electrodes?.. by gas shielded metal arc welding (Aircomatic®)?..by gas shielded tungsten arc welding (Heliweld)? 


Airco supplies electrodes or wire for all three, can give 
unbiased advice, broad selection. Are the stainless steels 
that you weld light gauge or heavy . . . martensitic, ferritic or 
austenitic . . . subject to heat, corrosion or stress? Whatever 
the application, Airco supplies electrodes or wire to weld 
them better. 

For stick electrode welding: choose from 36 Airco Stain- 
less Electrode types. They give you high welding speed with 
low heat input. Welds are smooth, spatter is minimal, clean- 
ing and polishing are easy. Bonus: electrodes are protected 
in Airco’s exclusive resealable “POP” can; it keeps them fac- 
tory-fresh down to the last electrode. 


A division of Alr Reduction Company, incorporated 
150 East 42nd Street, New York 17, N.Y. 


More than 700 Authorized Airco Distributors Coast to Coast 


For inert gas shielded processes: depending on applica- 
tion, you'll choose either AIRCOMATIC® gas shielded metal 
arc welding—or Airco’s HELIWELD gas shielded tungsten 
arc welding. For both of these processes, Airco Stainless steel 
welding or filler wire gives excellent corrosion resistance and 
excellent tensile, ductility and impact properties. 


Which is best for you? Call Airco for an unbiased answer— 
for only Airco makes equipment for all three processes. Look 
in Classified Telephone Directory under “Welding Equip- 
ment and Supplies” for your nearest Authorized Airco Dis- 
tributor. Write today for a copy of Airco’s “Electrode Pocket 
Guide” and “Aircomatic Welding Wire Pocket Guide.” 


On the west coast— 
Air Reduction Pacific Company 


AIR REDUCTION SALES COMPANY internationat 


i ly— 
Airco Company International 
In Cuba— 
Cuban Air Products Corporation 
in Canada— 
Air Reduction Canada Limited 


All divisions or subsidiaries 
of Air Reduction Company, inc. 
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For 
Quality 
and 
Economy 


For Service Contact... 


CONNECTICUT 
Connecticut Mall. Castings Co., New Haven 6 
Eastern Malleable tron Co., Naugatuck 
New Haven Malleable Iron Co., New Hav 
DELAWARE 
Eastern Malleable Iron Co., Wilmington 99 
ILLINOIS 
Central Fdry. Div., Gen. Motors, Danville 
Chicago Malleable Castings Co., Chicago 43 
Moline Malleable Iron Co., St. Charles 
National Mall. and Steel Castings Co., Cicero 50 
Peoria Malleable Castings Co., Peoria 1 
Wagner Castings Company, Decatur 
INDIANA 
Albion Malleable Company, 

Muncie Division, Muncie 
Link-Belt Company, Indianapolis 6 
National Mall. & Steel Castings Co., Indianapolis 22 
1OWA 
fowa Malleable Iron Co., Fairfield 


MASSACHUSETTS 
Belcher Malleable Iron Co., Easton 


MICHIGAN 

Albion Malleable tron Co., Albion 

Auto Specialties Mfg. Co., Saint Joseph 
Cadillac Malleable Iron Co., Cadillac 
Central Fdry. Div., Gen. Motors, Saginaw 
MINNESOTA 

Northern Malleable tron Co., St. Paul 6 


MISSISSIPPI 
Mississippi Malleable Iron Co., Meridian 


NEW HAMPSHIRE 
Laconia Malleable Iron Co., Laconia 


NEW YORK 
Acme Steel & Mall. Iron Works, Buffalo 7 
Frazer & Jones Company Division 

astern Malleable Iron Co., Solvay 
Oriskany Malleable Iron Co., Inc., Oriskany 
Westmoreland Mall. Iron Co., Westmoreland 


OHIO 

American Malleable Castings Co., Marion 

Central Fdry. Div., Gen. Motors, Defiance 

Dayton Mall. Iron ‘Co., Ironton Div., Ironton 

Dayton Mail. Iron Co., Ohio Mall. Div. Columbus 16 
Maumee Malleable Castings Co., io 5 

National Mall. and Steel Castings = Cleveland 6 


PENNSYLVANIA 
Buck tron Company, Inc., Philadelphia 22 
Erie Malleable tron Co., Erie 
Lancaster Malleable Castings Co., Lancaster 
Lehigh Foundries Company, Easton 

eadville Malleable Iron Co., Meadville 
Pennsylvania Malleable Iron Corp., Lancaster 


TEXAS 
Texas Foundries, Inc., Lufkin 


WEST VIRGINIA 
West Virginia Mall. iron Co., Point Pleasant 


WISCONSIN 

Belle City Malleable Iron Co., 

Chain Belt Company, Milwaukee | 

Federal Malieabie inc., West Allis 14 

Kirsh Foundry Inc., Beaver 

Lakeside Malleable Castings Co., Racine 

Milwaukee Malleable & Grey a Works, Milwaukee 46 


These companies are members 
of the Malleable Castings Council 
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with molybdenum-nickel alloy, and 
aluminum oxide bonded with chro- 
mium. A new technique for produc- 
ing cermets by infiltration has been 
described. In this instance, a porous 
oxide, such as compacted but unfired 
Al,O;, is impregnated with an aque- 
ous solution of cupric salts; the salts 
are then converted to cupric oxide 
by heating. Finally, the porous com- 
pact is impregnated with molten 
silver to produce a product contain- 
ing up to 50% silver. (Cupric oxide 
has been found essential if the silver 
is to penetrate properly.) Such in- 
filtration cermets show substantially 
greater strength than cermets of the 
same composition produced by con- 
ventional methods. 

Many cermet and powder metal- 
lurgy products are also being pro- 
duced by slip-casting techniques. 
This method, a traditional process 
for fabricating ceramics, permits 
formation of intricate shapes that 
would be virtually impossible to 
produce by pressing. 

Another innovation in cermet re- 
search has been the development of 
a cermet body that is relatively 
tough at ordinary temperatures, and 
is also strong at 1000 to 1100° C. 
(1830 to 2010° F.). This develop- 
ment is based on the general concept 
that a relatively large volume of 
metal can be interspersed with a 
hard and thermally stable ceramic, 
the structure of which is arranged 
in such a manner as to achieve opti- 
mum properties. Key to this develop- 
ment is the production of a lamellar 
arrangement of the two phases. In 
experimental studies, sheets of chro- 
mium-nickel alloy are interleaved 
and pressed with titanium carbide 
in varying thicknesses and propor- 
tions. Thicknesses on the order of 
10 to 30 mils, and metal contents on 
the order of 40 to 60% have been 
studied. After firing this product at 
1340° C. (2450° F.), impact values 
of 25 to 30 ft-lb. and tensile strengths 
above 40,000 psi. are obtainable at 
room temperature. 


Reinforced Ceramics 


A final example of the application 
of the composite material concept 
is in the development of metal- 
reinforced ceramic coatings. In this 
instance, a macroscale composite is 
produced with the metallic reinforc- 


ing component in the form of an 
expanded metal or mesh framework 
(which is similar to ordinary metal 
lath). This mesh is coated or plas- 
tered with various ceramic composi- 
tions. Reinforcing metals, ranging 
from mild steel through austenitic 
stainless to tantalum and molybde- 
num, have been studied. The more 
promising ceramic coatings consist 
of refractory oxides such as Al,Ox or 
ZrO, compounded into a porous 
cement-like product with such bond- 
ing agents as magnesium oxychloride 
or aluminum phosphate. Best re- 
sults have been obtained by apply- 
ing the ceramic coating as a stucco 
or plaster to the metallic reinforce- 
ment. These composite coatings are 
recommended for such applications 
as combustion chamber walls of 
ramjet engines and rockets. In re- 
peated cycle short-term tests, typical 
coatings have been able to with- 
stand as many as 12 to 15 5-min. 
cycles of heating to 2200° C. (4000° 
F.) for 20 to 30 sec. followed by a 
cooling period. 


Significance of the Meeting 


In summary, it should be ac- 
knowledged that this conference on 
mechanical properties of ceramics 
was highly significant in several re- 
spects. In almost every paper the 
speaker admittedly reached the limit 
of his knowledge of the subject. 
This clearly indicated the lack of 
complete knowledge, and the urgent 
need for a great deal more research 
into the fundamental structure and 
construction of solids. From the 
metallurgical viewpoint, it is of in- 
terest to note that widely known 
and well-established metallurgical 
tools and techniques are now being 
successfully applied to the solution 
of ceramic problems. Furthermore, 
many so-called metallurgical prop- 
erties and behavior phenomena are 
now being observed and evaluated 
in nonmetallic materials. 

Findings of this nature have 
already gone a long way teward de- 
stroying any hypothetical bounda- 
ries that may have existed between 
the science of metals and the science 
of ceramics. It becomes increasingly 
apparent that the truly significant 
contributions will be those that lead 
to a better basic understanding of 
all materials, whether they be classi- 
fied as metallic, nonmetallic or com- 


binations of both. eS 
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Liquid flow through o cross section of co Malleable differential carrier. 


For Performance-Tested Dependability ...Use ( Malleable 


Molten metal flows evenly into all parts of the mold, 
then solidifies into pre-shaped parts with uniformly 
dependable properties throughout. Malleable iron 
castings will stand up under extremes of tension, im- 
pact, torsion, shear, fatigue, wear, heat, cold, and 
corrosion. They also offer maximum economy, are 
easy to work, and are versatile enough for parts 
ranging from a few ounces to hundreds of pounds. 


The more manufacturers know about Malleable cast- 
ings, the more they use Malleable to improve quality 
and increase profits. Get the full story on Malleable 
... Contact any of the progressive companies that 
display this symbol — 

MEMBER 


Aa c * 
STines 


For details on Malleable’s uniformity and reliability contact any company listed on the opposite 
page, or Malleable Castings Council, Union Commerce Building, Cleveland 14, Ohio. 


: 
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TOCcCCO* Induction Heating 


melts bronze, aluminum and stainless steel 


for high-precision, porous-free castings 


Morse Instrument Company, Hudson, Ohio, manu- 
facturer of marine hardware and control instruments, 
recently switched from conventional furnaces to TOCCO 
Induction Melting. Results: greater speed, better work- 
ing conditions and, above all, purer, sounder castings. 


“Castings are free from porosity since we switched 
to TOCCO Induction Melting,” reports president John 
Morse. “This is a sales advantage to us and a tremen- 
dous quality advantage for our customers.” 


Whether you’re interested in melting ferrous or non- 
ferrous metals, TOCCO Induction Melting offers you 
these important advantages: 


Sample castings produced by Morse Instrument Company with 


« Stepless Power Control 
Extremely Rapid Melting 
High Efficiency—Even on Intermittent Operation 
Good mixing because of Natural Agitation 
Extremely Low Alloy Loss 
No Contamination when Composition of Charges is Changed 
High Reproducibility of Results 
Minimum Space Requirements 
No Special Installation Charge 
Simple, Safe Operation 
Clean, Comfortable Working Conditions 
No Carbon Pick-up 


If any of these advantages suggest economies in your 
operations, write for full details—no obligation, of course. 


THE OHIO CRANKSHAFT COMPANY 


Mail Coupon Today— 
The Ohio Crankshaft Co. + Dept.R-11 Cleveland 5, Ohio 
Please send copy of "The Case for TOCCO Induction Melting”. 


Name 


City. Zone State 
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“XEG” moves materials analysis 


NOVEMBER 1960 


7 X-RAY SENSORS 
FOR AUTOMATION A & 


out of the lab.. 


é 


General Electric’s revolutionary X-Ray Emis- 
sion Gage offers what amounts to an “on-line” 
laboratory for quality control. XEG performs 
continuous analysis of solids, liquids, liquid 
mixtures, slurries, powders, sheets, rods, wire 
or similar materials during actual production. 
It monitors up to 5 selected elements . . . main- 
tains moment-by-moment surveillance, sensing 
both presence and quantity. 

Expressly intended for the production line, 
XEG also is suited to individual sample anal- 
ysis. Operation requires no scientifically trained 
personnel... facts on composition are delivered 


x 


onto the line! 


automatically, instantly, for rapid-fire feed- 
back to process control. 

You’ll find uses of XEG as unlimited as the 
imagination! Discover how you can take full 
advantage of this remarkable innovation — 
get complete information now from your local 
G-E representative, Or write to X-Ray Depart- 
ment, General Electric Company, Milwaukee 1, 
Wisconsin, Room AS-114. 


Progress /s Our Most Important Product 
GENERAL @@ ELECTRIC 
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is also the exclusive NEL TROL Pres by assure 


Webb Wire Division New Brunswick, N. J 
Cart enter Kew England, Ie, 


ecthalance between 
hardness and toughness... This Type A-2 air-hardening tool and die 
Po? etpal ially suited for applications in which the sections are very — 
Steel is especia d for 
2 ie involvi accuracy of size and extreme hazards 
large... and those involving extreme acc hazards 
= 
: 
(TYPE A-D), INU. (TYPE WU. OLU-TM (1 
SERVICE-CENTER for prompt delve. 
“---you can do it consistently better with Ca OS 


Look 
FOR THE 
DIAMONDS-—sicn 
OF FINISHING 
QuaLirty 


4 good reasons 
why you should use 


IRIDITE) 


Chromate 
. Conversion Coatings 


ON YOUR ZINC OR CADMIUM PRODUCTS 


CORROSION PROTECTION 
The wide range of Iridite coatings available gives you a 
choice of corrosion protection—from economical, mild pro- 
tection of parts for shipment, storage or display, to ex- 
tremely high protection under exposure to marine and highly 
humid atmospheres, gasoline or other hydrocarbons. 


PAINT BASE 


For an extremely tight bond for either baked or air-dried ELECTRIC 
paints, non-porous Iridite blocks moisture penetration— COMPANY 
prevents formation of metallic soap products beneath paint 
coatings. 


APPEARANCE 


Your choice of colors ranging from clear through yellow 
iridescent to olive drab. Bright Iridite finishes can also be 
dyed to provide other color effects. 


SPECIAL EFFECTS 


Iridite, in combination with other Allied Research processes, 
can provide a wide variety of finishes. As an example, 
Iridite 8-P applied to zinc or cadmium, followed by an ap- 
plication of Irilac, gives a highly attractive simulated brass 
finish. 


IRIDITE—ao specialized line of chromate conversion coatings for 
e nonferrous metals. Easily applied at room tomporatusss with short 
immersion times, manually or with auto t. Forms a 
thin film which becomes an integral part of the motel. Cannot chip, 
fiake or peel. Special equipment, exhaust systems or highly trained 
personnel not required. 


For complete information on Iridite, con- 
tact your Allied Field Engineer. He's listed 
in the yellow pages under “Piating Sup- 
plies.” Or, write for FREE TECHNICAL DATA 
FILES. 


BRANCH PLANT: 400 MIDLAND AVENUE ¢ DETROIT 3, MICHIGAN 
West Coast Licensee for Process Chemicals: |. H. Butcher Co. «@ Evropean Agent: Sture Granberger, Storgaton 10, Stockholm, Sweden 


chemical Processes, Anodes, 
Rectifiers, Equipment ond Supplies for Metal Finishing Chromates Coatings Brighteners Sip s0es Equipment 
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J. Harwoop, @, new man- 
ager of the metallurgy department 
of Ford Motor Co.’s Scientific Labo- 
ratory, is now directing fundamental 
research programs on the physics of 
metals and alloy systems, physical 
metallurgy and ceramic science. For- 
merly head of the metallurgy branch 
of the Office of Naval Research in 
Washington, D.C., he joined ONR 
at its inception in 1946 and helped 
establish policies and practices for 


the Advanced Research Projects 
Agency of the Department of De- 
fense. In August of this year he was 
awarded the Navy's Meritorious 
Civilian Service Award in recogni- 
tion of his efforts in the Navy re- 
search program. 

His technical affiliations include 
A.S.M.—he is a member of the 
A.S.M. Seminar Committee and co- 
ordinator of the 1960 Seminar on 
Strengthening Mechanisms in Solids. 


He also edited the A.S.M. book 
“The Metal Molybdenum.” Other 
technical activities include member- 
ship on the Executive Committee of 
the Institute of Metals Div. of A.L- 
M.E. and chairmanship of the Divi- 
sion’s Refractory Metals Technical 
Committee. 


support by the Federal government 
of basic research in university, 
nonprofit and industrial research 
laboratories. He also coordinated 
all naval research programs in metal- 
lurgy and materials science. Before 
leaving Washington, he completed a 
four-month special assignment with 


Julius J. Harwood 


Robert H. Gassner 


Rosert H. GassNer, new consulting editor 
on the Metal Progress staff, is already familiar 
to our readers as an author —he reported the 
A.IL.M.E. Southwest Metals and Minerals Con- 
ference in the September issue and this month 
covers the Southern California Regional Con- 
ference (p. 80). Chief metallurgist for Douglas 
Aircraft Co.’s E] Segundo ( Calif.) Div., he has 
worked on metallurgical problems associated 
with such famous Douglas aircraft as the AD 
Skyraider, and the A4D Skyhawk. A bomber 
pilot during World War II, he returned to his 
studies after the war; he received his bachelor 
of science degree from Queens College in 1947 
and soon joined Douglas. He is well-known 
to ASMembers not only as a Metal Progress 
author but as a hard working Society member 
in both local and national activities. He was 
program chairman of the 1959 Western Metal 
Congress, general chairman of the 1960 South- 
ern California Refractory Metals Conference 
and is currently assistant secretary of the Los 
Angeles Chapter @. A member of three Hand- ; es: 
book committees and the technical council, he 
is also serving on the Metal Progress Advisory ! ile. . 
Committee. 
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For jobs where only the best will do— 
NEW GLENN 


CONSTANT VOLTAGE 
POWER SUPPLIES 


for all consummable-electrode automatic and 
semi-automatic welding processes, including: 


MIG - SHORT ARC 


Model 500-40 VS 


SUBMERGED ARC - MAGNETIC FLUX 


New GLENN V/S power supplies are totally new from basic trans- 
former design to their exclusive new linear slope control. They can 
be precisely “tuned” to the exact arc characteristics needed to 
produce any type of metal transfer and deposition desired. The 
result is improved weld quality, appearance, speed and economy. 


featwes 


NEW TRANSFORMER DESIGN increases efficiency 
improves voltage regulation and minimizes effects 
of line voltage fluctuations. 


STEPLESS VERNIER SLOPE CONTROL provides con- 
tinuous linear slope control from flat no-slope to 
maximum slope; in two overlapping ranges. 


EXTENDED OUTPUT VERNIER VOLTAGE RANGE pro- 
vides effective de welding (loaded) voltages from 
approximately 8 to 42 volts, depending on slope 
settings. 


Model 300-40 VS 


GLENN PACIFIC 


WHEN SPECIFICATIONS ARE CRITICAL and weld POWER SUPPLY CORPORATION 


quality, uniformity and appearance must be kept 
high, you'll be hours and dollars ahead to specify 703-37th Avenue + Oakiand 1, California 


GLENN V/S power supplies. Why not get the Originators of CV Power Supplies 
facts? Write us today for literature, specifications; 


Eastern Office Midwestern Office 
please address Dept. 136 221 Dukes Rd., Rahway, N. J. 640 So. York, Elmhurst, Ill. 


% GLENN Balanced Wave Power Supply for TIG Welding % GLENN Manual — 
and Stud Welder Power Supply > GLENN Arc Gouger Power Supply * GLENN 

_ Constant Potential Welder for “Gang” Manual Welding > GLENN Industrial 
Power Supplies and Heavy Duty Variable Voltage Transformers 
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... Of B&P capability 
to make lightweight 
metal assemblies for 
electronic equipment 


Designing and manufacturing 
products and assemblies of 
light metals is a highly spe- 
cialized field. Techniques un- 
known to production in other 
metals must be understood and 
new ones must be developed 
for unusual requirements. 

Because it has concentrated 
on light metal manufacturing 
for many years, Brooks and 
Perkins today has experience 
and capability unmatched by 
any other organization. 

The Nike-Hercules system 
magnesium cabinet shown 
above is just one example of 
B & P skill in maintaining 
close tolerances and optimum 
precision. Other products and 
assemblies designed and pro- 
duced by B & P include .. . 

* cooler plates * radar reflectors 
* communication equipment covers 
* radar reflector bases * equip- 
ment housings * tripods * radar 
plotting equipment * shelters 
* transit cases * gun fire control 
housings and turrets 
When you need lightweight 
products or assemblies for elec- 
tronic equipment, take 
advantage of B & P’s ex- 


Personals .. . 


Joel R. Greenspan — received 
his bachelor of metallurgical engi- 
neering degree in June from Fenn 
College, Cleveland, and is now em- 
ployed by Curtiss-Wright Corp., 
Woodridge, N. J., as senior metal- 
lurgical engineer. 


R. P. Abendroth @-—now re- 
search scientist in the metallurgy 
section, general research division, 
Owens-Illinois Glass Co., Toledo, 
Ohio. 


A. P. G. McGinnis @ — now man- 
ager, new products, development 
division, with Beryllium Corp. 


Marvin L. Parrish @ — transferred 
from the Aviation Gas Turbine Div. 
of Westinghouse Electric Corp., 
Kansas City, Mo., to the Bettis 
Atomic Power Laboratory,  Pitts- 
burgh, materials department, ma- 
terials engineering subdivision. 


Herbert E. Knechtel @ — now in 
the metallography department of the 
Edgar C. Bain Laboratory for Fun- 
damental Research of U.S. Steel 
Corp., Monroeville, Pa. 


W. F. Alderson @— from super- 
visor of field inspection and material 
certification for the South Albuquer- 
que Works of ACF Industries to 
vice-president of the Mektrol Labo- 
ratories Inc., Alta Loma, Calif. 


Edward F. Byars @ — now head 
of the mechanics department of 
West Virginia University. 


J. M. Minore @ — currently vice- 
president and general manager of 
North American Refractories Ltd. 


Alan W. Postlethwaite @ — from 
section head, materials process engi- 
neering to engineering manager, ger- 
manium transistor operation, Semi- 
conductor Div., Raytheon Mfg. Co.., 
Newton, Mass. 


Robert M. Palmer @ — from man- 
ager of eastern district sales office 
in New Jersey for Hevi-Duty Elec- 
tric Co., Milwaukee, Wis., to field 
sales manager. 


Leroy Gilbert @ — working in the 
systems requirements section of the 
Martin Co., Denver division as senior 
specification engineer, preparing 
model specifications and_ interface 
documents for Titan ICBM’s. 


BRINELL HARONESS e 
TESTS WITH 


PORTABLE TESTER 


King Test Head 
with Chain Adapter 


ONE 

TEST HEAD 
FITS MANY 
INEXPENSIVE 
ADAPTERS 


King Test Head 
in 1312” base with 
King Brineli Scope 


King Bore Brinell 
with small test 
head for pipes, 


cylinders, etc, 


The KING PORTABLE HARDNESS TESTER 
@ To test any size, shape or thickness of metal. 
Makes guaranteed accurate on-the-spot tests — anywhere! 
Gap 10” — 1342” — 30”. Throat 4” — 6%” or larger with 


chain adapter. 


ene 
perience and capability. 
@ Loads from 6212 Kg. to full 3000 Kg. 5mm or 10mm steel or 


carbide bail. 
Will make tests in places no other tester can reach— includ- 
ing cylinder bores. 


Write for literature and prices to Dept. MP-1160 


N TESTER CORPORATION 440 N. 13th St. Phila 23, Po, 
Known the world over for accuracy and dependability 
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King Test 
BROOKS & PERKINS, INC. m 


1958 W. Fort St., Detroit 16, Mich. 
Offices in Washington and New York 
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— you receive a ton of stainless steel. But the 
Stainless per ton.,Result: Since you sell 


“Put ups” the 
pay off in Production 


There’s a right kind of wire or strip “put up” for your production 
equipment . . . there’s a right size for long runs and short runs. But, are 
you getting the kind and size of “put up” you need, when you need it? 
The ALLOYIST has them all . . . spools, reels and Pay-Off-Paks for 
wire in overlapping weights 25 to 1000 pounds .. . strip by coil weight 
to 2000 pounds or exact lengths . . . rod in exact lengths or randoms. 
Start the job right. Order your alloys from the ALLOYIST for a 
pay-off in smoother production. 
*Riverside-Alloy is the ALLOYIST to the electrical/electronic industry . . . a single, re- 
liable source of strip, rod and wire in Nickel, Nickel silver, Cupro nickel, Stainless steels 
(ISOLOY), Phosphor bronze, Monel and Inconel. . . a supplier whose manufacturing 
processes insure your product superiority. 
Riverside-Alloy Metal Division, H. K. Porter Company, Inc., Riverside, 
New Jersey. 


RIVERSIDE-ALLOY | METAL DIVISION 


H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, 
electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, forgings and 
pipe fittings, roll formings and stampings, wire rope and strand. 
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Personals... 


Earl F. Adkins @ — now metallur- 
gical engineer at the University of 
California Lawrence Radiation Lab- 
oratory in Livermore, Calif. 


David L. Eaton @— now super- 
visor of the research, development 
and production laboratory of Gen- 
eral Instrument Corp.'s Thermoelec- 
tric Div. 


Lawrence K. Hyde @ — currently 
manager of the testing machine divi- 
sion of Widermann Machine Co., 
King of Prussia, Pa. 


Kermit A. Skeie @ — from west- 
ern region manager in Los Angeles, 
Magnaflux Corp., Chicago, to the 
Chicago office in charge of commer- 
cial inspection. 


Richard W. Fountain @ — ap- 
pointed manager of metals research, 
technology department, Union Car- 
bide Metals Co., Niagara Falls, N.Y. 


David C. Goldberg @-— from 
manager of the metallurgy division, 
Westinghouse Aviation Gas Turbine 
Div., to the Westinghouse Astronu- 
clear Laboratory, Pittsburgh. 


Bayrd B. Berger @ — from metal- 
lurgist, Bethlehem Steel Co., to met- 
allurgist, Bliss & Laughlin, Detroit. 


Frank L. Wright @— from staff 
engineer to chief engineer, Hoover 
Ball Div., Hoover Ball and Bearing 
Co., Middletown, Ohio. 


Robert G. Strother @ — from east- 
ern region manager, New York, for 
Magnaflux Corp., Chicago, to the 
Chicago office where he is in charge 
of field engineering. 


Dale J. Richards @ — from assist- 
ant sales manager, Beryllium Corp., 
Reading, Pa., to manager, beryllium 
alloy sales, alloy division. 


Robert R. Freeman @ — now civil- 
ian markets manager for refractory 
metals for Climax Molybdenum Co., 
a division of American Metal Climax 
Inc., New York. 


John A. Richter @ — now design 
specialist, Martin Co., Orlando, Fla. 


Ethan A. Smith, Jr. @-— from 
manager, development engineering, 
in the nuclear division of the Beryl- 
lium Corp., Hazleton, Pa., to man- 
ager, beryllium metal sales. 
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“EMPILSTIKS:’ are widely used as a standard method of determining temper- 
atures in welding procedures, metal working and heat treating, steam trap main- 
tenance, tire-retreading, plastic forming and hundreds of other heat-dependent 
operations. Available in 80 different temperature ratings . . . $2.00 each. 
Most industrial supply houses carry Tempilstiks®. If yours is an exception, then 
write direct to us for further information. 


270 
Tempil CORPORATION * 132 West 22nd St., New York 11, N. Y. 
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Chart record shows 6 components of furnace atmos- 
phere measured cyclically by Furnace Gas Analyzer 
(inset). 


NOW a Furnace 
Gas Analysis 
COMPLETE, 
ACCURATE, 
AUTOMATIC 


The new Perkin-Elmer Furnace 
Atmosphere Analyzer lets you ana- 
lyze furnace atmospheres with all 
the accuracy, speed and complete- 
ness needed for precise control of 
heat-treat furnaces, gas generators, 
kilns or other combustion devices. 

This instrument automatically rec- 
ords volume percent of each of the 
usual four gases — Oz, CO, CO:, 
CHs — or other combinations of four 
components. And special designs 
handle five to eight components. 

Complete details on this rugged 
plant-tested instrument are given in 
a new booklet. Write for free copy 
today. 


INSTRUMENT 


Perkin-Elmer 


NORWALK, CONNECTICUT 
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Personals . . . 


Robert F. Lutz @-—from chief 
metallurgist and heat treat superin- 
tendent, Rockwell-Standard, New- 
ark, Ohio, to factory manager, Bos- 
worth Steel Treating Corp., Detroit. 


William A. Klawitter @ from 
metallurgist to supervisor, magnetic 
and expansion alloys research, Car- 
penter Steel Co., Reading, Pa. 


H. Earl Love @ — from Philadel- 
phia sales office Pyrometer Co. of 
America, Penndel, Pa., to assistant 
sales manager, eastern division. 


James W. Faber @ — metallurgi- 
cal engineer, from Westinghouse 
Aviation Gas Turbine Div., Kansas 
City, Mo., to metallurgical engineer, 
Westingliouse Atomic Power Labo- 
ratory, Pittsburgh. 


R. E. Bockrath @ — transferred to 
the technical department in the 
home office of Dow Metal Products 
Co., division of Dow Chemical Co., 
in Midland, Mich. 


Walter H. Braun @ — from super- 
visor of quality control, Stainless & 
Strip Div., Jones & Laughlin Steel 
Corp., Detroit. 


George Jagaciak @ — now senior 
engineer with Olin Mathieson Co., 
New Haven, Conn. 


William H. Thomas @—from gen- 
eral superintendent of the Coke and 
Iron Div., Pittsburgh Coke & Chem- 
ical Co., Pittsburgh, to technical as- 
sistant to the vice-president of the 
division. 


Charles D. Brown @ — from man- 
ager of marketing for the light mili- 
tary electronics department, General 
Electric Co., Utica, N. Y. to mana- 
ger, marketing, at G.E.’s instrument 
department in West Lynn, Mass. 


Eugene A. March @ — from assist- 
ant works manager at Crucible Steel 
Co. of America’s Midland, Pa., plant, 
to director of metallurgy for the 
company. 


H. H. Mullen &, manager of the 
resistance welding department, Amp- 
co Metal Inc., Milwaukee, Wis. — 
elected president of the Resistance 
Welding Alloy Assoc. 


Boyd Cass, @ — now general man- 
ager, metals—refractories, for Howe 
Sound Co., New York. 


ROLL-FORMING 
EQUIPMENT 


Profits are available to you through the 
production of many shapes in metal... 
made with precision and economy on 
Yoder Cold Roll Forming Equipment. 


Produce tubular, ornamental or struc- 
tural shapes from a variety of metals 
in widths from a fraction of an inch 
up to 80 inches or more, and in stock 
up to %” thick. Your investment is com- 
paratively modest, and with proven low 
operating costs, will give you one of the 
most profitable operations in your plant. 


Experienced Yoder engineers will, with- 
out obligation, study your annual metal 
forming requirements. Many times they 
can point out that the installation of 
roll forming equipment would—even if 
operated only intermittently — soon 
justify its initial cost. 


Send today for this compre- 
hensive, 88-page illustrated 
text. It fully describes Cold 
Roll Forming Equipment, 
processes ond products. 


THE YODER COMPANY 
5595 Walworth Avenue + Cleveland 2, Ohio 


D ROLL 
MING 
CHINES 
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ANNEALING 


CAMBRIDGE METAL-MESH BELTS give you 
the low-cost, continuous production you 
need to beat competition in the ’60’s! 


Metal products of all types move through 
sintering, brazing, annealing, quenching, 
washing or hardening operations faster- 

and without costly manual handling. Uni- 
formity is high because heat, gases or 
liquids flow through the belt and around 


the product for thorough treatment. 


Superior belt design and manufacturing 
techniques save on operating cost, too, 
by giving longer belt life, fewer repairs. 
Belts can be made heatproof, coldproof, 
corrosion resistant—-in any mesh, weave, 
metal or alloy——with any side or surface 
attachments. 
Coll your Cambridge Field Engineer 
now. He'll be glad to discuss any 

pect of Cambridge Belts—trom 
monvufacture to installation and 
service. Look in the Yellow Pages 
under “Belting, Mechanical”. Or, 
write for FREE 130-PAGE REFER- 
ENCE MANUAL. 


Wire cloth 


Department B e Cambridge 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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Photos taken at Hoover Ball and Bearing Com- 
pany, Ann Arbor, Mich., show (left) parts going 
into heat treat furnace and (above) coming out 
of Quenchtex bath. 
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QUENCHTEX OILS GIVE UNIFORM 


HARDENING IN THE PIECE 


with improved grain structure... 
no darkening of metal...longer bath life... 


The proper choice of a quenching oil depends on the 
analysis of the steel being used and the hardness 
desired, among other factors. 

A properly chosen quench for any given steel should 
remove heat fast in the high temperature range, and 
at a lower rate as the temperature drops through the 
low ranges where the metal becomes brittle and sub- 
ject to stress. Because steels vary widely in analysis, 
Texaco offers three separate QUENCHTEX OILS— 
each with a different cooling curve. 

The differences in cooling rate between the three 
QUENCHTEX OILS are functions of their 
composition: 

@ QUENCHTEX 500—a conventional or straight min- 
eral oil of low viscosity; 

@ QUENCHTEX 510—a medium-speed oil blended 
with special additives; 


@ QUENCHTEX 520—a high-speed oil blended from 
refined paraffin base crudes plus additives. 


GET THESE PROVED ADVANTAGES WITH 
QUENCHTEX OILS 
@ Stability at recommended temperatures 


NOVEMBER 1960 


Chart shows cooling rates of several quenching 
media including QUENCHTEX 500, 510 and 520. 


e High resistance to evaporation loss and chemical 
change which occur on contact with hot metals 


e Resistance to oxidation which causes contamina- 
tion, oil and metal discoloration, uneven hardening 


e Low drag-out and evaporation loss for longer oil 
life and greater economy 


e Compatibility with other quenching oils. You can 
begin using Quenchtex now—regardless of the oil 
now in your tanks. 


A Texaco Metalworking Specialist will be glad to 
take a sample of the oil you are now using for testing 
by Texaco’s Research Laboratory. A cooling curve 
will be run on the sample and the compatible 
QUENCHTEX OIL will be recommended for make- 
up. For further information contact the nearest of the 
more than 2,300 Texaco Distributing Plants or write: 


Texaco Inc., 135 East 42nd Street, New York 
17, N. Y. MT-51 


TEXACO MARQUENCH FOR HOT OIL QUENCHING 


For products where full hardness combined with min- 
imum distortion is required—gears, ball and roller 
bearings, bearing races, etc.—hot oil quenching with 
MARQUENCH can help reduce the number of rejects, 
increase product load capacities, and in some cases 
permit closer tolerances before quenching. 


Throughout the United States 
Canada + Latin America « West Africa 
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BUILD IN 
STRENGTH 
AND 

LIGHT WEIGHT 


WITH 
FINEGRAIN STEEL 


In a wide variety of applications N-A-X FINEGRAIN—a low- 
alloy high-strength steel—can bring important weight 
savings without sacrifice of strength and safety. When you 
design N-A-X FINEGRAIN into your product, you get all 
these advantages: 
e It is 50% stronger than mild carbon steel. 
e Polishes to a high luster at minimum cost. 
e Can be cold formed readily into difficult stampings 
without surface disturbances. 
Is stable against aging. 
Has high fatigue life with great toughness. 
Has greater resistance to wear and abrasion. 
Is readily welded by any process. 
Offers greater paint adhesion. 
Has twice the resistance of carbon structural steel 
to normal atmospheric corrosion. * 

*Where greater resistance to extreme atmospheric corrosion 

is important, our N-A-X HIGH-TENSILE is recommended. 

Sound like something for you? A thoroughly competent 
metallurgical service organization is available to work with 
you on any application problem you may have. Write, 
wire or phone Product Development Department, Great Lakes 
Steel Corporation, Detroit 29, Michigan. 


NAX 


A PRODUCT OF 


GREAT LAKES STEEL 


Detroit 29, Michigan 


Look for the STEELMARK 
on the products you buy; place 
it on the products you sell. 
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Great Lakes Stee! is a Division of NATIONAL STEEL CORPORATION 
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MIS-MACHINED PARTS 
SALVAGED WITH 
PLATING 


atte 


DALIC Nickel Plating the out-of- 
tolerance portion of superalloy 
turbine wheel to specification size. 


Dalic Plating has become a recog- 
nized manufacturing method for 
rebuilding undersized sections of 
products to meet specifications. Many 
of America’s largest companies are 
using Dalic Plating to restore mis- 
ga products to their full 
value. 


You can build-up exact areas on 
components including flat surfaces, 
inside and outside diameters, 
 sipaecs. etc. Plating thickness can 
controlled accurately. 


Quick Low Cost Salvage 


Electroplating is done without im- 
mersion pone and at deposition 
rates 30 to 60 times faster than con- 
ventional plating. Selected areas are 
plated rapidly with little masking 
and no disassembly of components. 
Deposits have excellent quality and 
adhesion. 


Write for brochure. 
SIFCO metacnemicat, inc. 


935 East 63rd Street © Cleveland 3, Ohio 
A Subsidiary of 
The Steel Improvement & Forge Co. 
AGENTS 


MARLANE DEVELOPMENT HYDRITE CHEMICAL (0. 
153 East 26th Street 60S South 12th Street 
Wew York 10, WY. Mitwoukee 4, Wis. 


PIDDINGTON & ASSOCIATES LTD. 0 & S AVIATION CO. LTD. 

67) Lourentides Bivd. 

Colitorma Pont Viou. Montreal Quebec 
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Ceramics .. . 


Robert I. Jaffee @ and George K. 
Manning © -— now technical man- 
agers in the department of metal- 
lurgy, Battelle Memorial Institute, 
Columbus, Ohio. 


Royden S. Pratt @—from staff 
technical director to technical and 
research director, Bridgeport Brass 
Co., Bridgeport, Conn. 


Julian Glasser @ and William E. 
Few @ — formerly associated as con- 
sultants in chemical and _ metal- 
lurgical fields in Chattanooga, Tenn., 
now president and vice-president, 
respectively, in a new corporation, 
Chemical and Metallurgical Re- 
search Inc., Chattanooga. 


J. A. Bauscher @— now vice- 
president in charge of research, Lee 
Wilson Engineering Co., Cleveland. 


Max Rae Ahrens @ — from resi- 
dent physical metallurgist, Climax 
Molybdenum Co., division of Amer- 
ican Metal Climax, in Climax, Colo., 
to assistant manager of abrasion re- 
sistant alloy development in the 
Denver office. 


Robert D. Wylie @-— from as- 
sistant manager of quality control, 
Babcock & Wilcox Co., Barberton, 
Ohio, to manager of quality control 
for the manufacturing department, 
boiler division. 


F. E. Werner @ and L. S. Rich- 
ardson @-— now manager and su- 
pervising engineer, respectively, 
alloy studies section, metallurgy de- 
partment, Westinghouse Research 
Laboratories in Pittsburgh. 


R. A. Quadt @ — from vice-presi- 
dent, research and development, for 
Bridgeport Brass Co., Bridgeport, 
Conn., to president and a director 
of Reactive Metals, Inc.; he remains 
a vice-president with Bridgeport 
Brass, which will manage Reactive 
Metals. 


Gerald R. Garinger © -— from 
assistant branch manager in Toledo, 
Ohio, for Carpenter Steel Co., to 
branch manager in Indianapolis, Ind. 


Patrick D. Diggs @ — now sales- 
man in the southeastern states for 
Riverside-Alloy Metal Div., H. K. 
Porter Co. Inc., working out of the 
division’s southern office in Atlanta. 


F. J. STOKES CORPO 
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Timken® vacuum arc stee/ 


gives you the maximum in both. By reducing the non-metallic content and sources 
of contamination inherent in conventional melting processes, the Timken Company can now deliver fine 
alloy steel with the highest degree of cleanliness. 

Starting with Timken electric furnace fine alloy steel, which is remelted in a copper crucible under 
almost perfect vacuum, this new method produces a steel which offers the ultimate in cleanliness, strength, 
uniformity and quality, for critical parts. 

Timken consumable electrode vacuum arc steel is available 
in ingots up to 24” in diameter, weighing up to 10,000 Ibs. and 
in the form of bars and seamless tubing in a wide range of alloy 
and stainless steel analyses. Our metallurgists are ready to 
work with you to provide the steels you need in developing 
stronger, lighter parts. Call or write The Timken Roller Bearing 
Company, Steel and Tube Division, Canton 6, Ohio. Cable: 

“‘Timrosco”’. Makers of Tapered Roller Bearings, Fine Alloy Steel 
and Removable Rock Bits. 
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Personals... 


Paul C. Cornish & — from prod- 
uct engineering manager to chief 
engineer, product development. 
Weston Instruments Div., Daystrom. 
Inc., Newark, N. J. 


Lawrence L. Garber @ — from 
head of the battery division, Elec- 
tric Autolite Co., Toledo, Ohio, to 
the president’s staff, working on 
manufacturing, properties and cap 
ital equipment. 


M. W. Saxman @ — resigned as 
president of Latrobe Steel Co. after 
36 years with the company; he will 
continue as chairman of the board. 


Walter J. Bissinger & — now sales 
promotion engineer for gear tooth 
induction hardening equipment in 
the Gould and Eberhardt Div., Nor- 
ton Co., Worcester, Mass. 


Richard J. Rand — from head 
of the Cincinnati sales branch of 
Crucible Steel Co. of America, Pitts- 
burgh, to manager of the Pittsburgh 


sales branch. 


Tips Its Houd To Cut Production Corners 


Sawing 45° miters in any kind of material 
has always been a simple task for MARVEL 
Saws, but moving the work up automatically 
and making consecutive cuts on an angle was 
a problem, especially when the work was long 
and cumbersome. 

This triple exposure photograph of a new 
MARVEL No. 81A All Hydraulic Heavy Duty 
Automatic Bar Feed Band Saw, illustrates 
how the upright head or column can be tipped 
45° either right or left of vertical to make 
angle or miter cuts. The work is held station- 
ary while the column, which carries the blade, 
is fed forward, meeting the work squarely to 
insure accurate cutting. After the cut is com- 
pleted, the work is automatically moved up 
and measured, and another cut made. 


Automatic miter cutting is just one of many 
exclusive universal features of these band 
saws. Designed to utilize every advantage of 
high speed steel band blades, Marve No. 81 
Series Band Saws can handle almost any con- 
ceivable sawing job—from the smallest, most 
delicate work, up to 18” x 20” shapes. 
Only the MarRvEL No. 81 Band Saws have the 
“suRE-LINE” Automatic Accuracy Control 
(basic patent applied for) which literally 
steers a blade to make a straight cut. This 
unit extends usable blade life as much as 50%. 
Manrvet No. 81 Series Band Saws are prov- 
ing themselves daily, as the most versatile ma- 
chine tools in production metalworking plants. 


For complete details, ora demonstration of MARVEL 
Sawing write: 


turing Co., 5700 W. Bloomingdal re go 39, i 
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Clark K. Benson @ — from vice- 
president in charge of sales to presi- 
dent, Heat and Control, Inc., San 
Francisco. 


Thomas S. Simms @ — now man 
ager of materials and process, re. 
frigeration engineering, for the Hot 
point Co., division of General Elec- 
tric Co., Chicago. 


Joseph F. Libsch @ — member of 
Lehigh University faculty for 14 
years, named head of the depart- 
ment of metallurgical engineering, 
succeeding Robert D. Stout @, now 
dean of Lehigh’s Graduate School. 


Kenneth J. Cave @ — now tech- 
nical sales representative for the 
southern Ohio and West Virginia 
territory of Heatbath Corp. 


James H. Bly @-—from head. 
technical sales, to director of science 
applications, High Voltage Engi 
neering Corp., Burlington, Mass. 


Denis P. Walsh @—from mid 
west region manager, Chicago, to 
manager of distributor and repre- 
sentative sales for Magnaflux Corp., 
Chicago. 


William Brenner, Jr. @ — from re- 
search engineer at the Youngstown, 
Ohio, plant of Jones & Laughlin 
Steel Corp.’s Stainless and Strip Div 
to service metallurgist at the Louis- 
ville, Ohio, plant. 


J. D. Hagans @, sales manager, 
Ohio Steel Foundry Co., Springfield, 
Ohio — elected president of the 
Alloy Casting Institute, located in 
Garden City, N.Y. 


William H. Myers @ — from plant 
metallurgist at the Wire Rope Div. 
plant of Jones & Laughlin Steel 
Corp. in Muncie, Ind., to metallurgi- 
cal service engineer in J&L’s techni- 
cal services division, Pittsburgh. 


Robert P. Bozzone © — from su- 
pervising metallurgist of special 
metals, quality control, to assistant 
to the works manager, special as- 
signments, for Allegheny Ludlum 
Steel Corp., Pittsburgh. He succeeds 
Robert E. Christian @ who has 
been named general superintendent 
at the Bagdad operation of the West 
Leechburg Works of Allegheny 
Ludlum. 


Horace J. Grover @ — now staff 
physicist in the department of me- 
chanical engineering, Battelle Me- 
morial Institute. 
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announcing a new... 


ORC SEN FROM ANHYDROUS AMMONIA FOR IN 


Spencer Chemical Com- 
pany. Sole producers and 
sole suppliers to Hamler 
Industries of 99.999% pure 
Metal Treating grade an- 
hydrous ammonia. 


COMPLETE 
CO-ORDINATED 


Cryogenerators, Inc. De- 
signers and fabricators of 
Cryogenic Processing 
Equipment for the produc- 
tion of pure hydrogen from 
anhydrous ammonia. 


Hamler Lewis, Ltd., Divi- 
sion of Hamler Industries, 
Inc. Regional sales, leas- 
ing and servicing facilities 
for Norelco Hydrogen Gen- 
erators. 


Anco Division, Flint Steel 
Corporation. Suppliers of 
100% x-rayed and stress re- 
lieved ammonia storage 
tanks—prefabricated for 
fast, efficient installation. 


Hamler Industries provides a new single coordinated service to users of pure 
hydrogen and Metal Treating grade ammonia, that can produce savings up 
to 50% in the over-all operation. You are invited to write for full particulars. 


\ 
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HAMLER INDUSTRIES, INC. 


400 East 16th Street, Chicago Heights, Illinois 


Distributing Stations: Chicago, Illinois, Detroit, 
Michigan, Pittsburgh, Pennsylvania, Cleveland, 
Ohio, Dayton, Ohio, Somerville, New Jersey 


 HAMLER- 
"INDUSTRIES 
— 
LEWIS LTD. 
H | 3 
\ 
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Personals... 
Edward J. Skiba @ — now execu- 


tive vice-president of Brown Alumi- 
num & Chemical Co., a wholly 
owned subsidiary of Brown Fintube 
Co., Elyria, Ohio. 


Lars Ekholm © -— from general 
sales manager, Climax Molybdenum 
Co., a division of American Metal 


Wesley H. Hauschildt — from 
plant metallurgist, light metals de- 
partment, American Brake Shoe Co., 
to chief production engineer for 
aluminum operations in the foundry 
department of the Bay City, Mich., 
plant of Dow Metal Products Co., 
division of Dow Chemical Co. 


David K. Stuart @ — from mana- 
ger of the Chicago sales branch, 
Crucible Stee] Co. of America, to 


Climax, to vice-president of eastern staff assistant to the assistant gen- 
operations for the company. eral sales manager, field sales. 


DON’T GET IN A SWEAT ABOUT 
TEMPERATURE CONTROL... standardize on Bristol 


pyrometer supplies and solve the problem, once and for all. 


Everyone knows how interrupted pyrometer service can cut production, 
increase costs, impair product quality and whittle away at profits. Good 
way to minimize or stop these troubles: Lay in a supply of Bristol’s thermo- 
couples, protection tubes, radiation-unit accessories, refractory insulators, 
mounting fixtures, thermocouple extension wire, switches, and ink. They’re 
available in sizes and types to fit all standard installations. 

The outstanding quality and superlative reliability of Bristol pyrometer 
accessories is the product of more than 70 years of instrument building, 
55 years of industrial pyrometry. 

Write for complete data on Bristol pyrometer accessories today. The 
Bristol Company, 155 Bristol Road, Waterbury 20, Conn. 0.12 


4 PR: STO L ... for improved production 
through measurement and control 
AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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David Swan from manager, 
planning, to vice-president, tech- 
nology, Union Carbide Metals Co., 
a division of Union Carbide Corp., 
New York. 


Wells E. Ellis @ — from assistant 
lubrication engineer to assistant chief 
engineer, physical laboratories, Tim- 
ken Roller Bearing Co., Canton, 
Ohio. 


Max E. Miles @-— now service 
engineer in the southwest sales dis- 
trict of Morse Twist Drill and Ma- 
chine Co., New Bedford, Mass., as- 
signed to the district office located 
in Dallas, Tex. 


John S. Billingsley @ — retired as 
assistant to the vice-president, sales, 
Crucible Steel Co. of America, Pitts- 
burgh, after 37 years. 


Roy E. Blue @, chief product 
engineer, Amplex Div., Chrysler 
Corp., Detroit — elected president 
of the American Powder Metallurgy 
Institute. 


William G. Brown @ — from works 
manager to vice-president and sales 
manager, Seymour Mfg. Co., Sey- 
mour, Conn. 


Karl A. Semlak & — resigned from 
the pigments department of E. L. 
du Pont de Nemours & Co., Inc., to 
study medicine at the University of 
Pittsburgh. 


E. W. Kalb @ — now manager of 
market development, Vanadium- 
Alloys Steel Co., Latrobe, Pa. 


John W. Keegan @ — frem east- 
ern sales manager, Herscott Corp., 
Rockford, Ill., to metallurgist, hot 
and cold heading steels, for Carpen- 
ter Steel Co., Reading, Pa. 


Raymond Dhue, Jr. @— moved 
from Dallas, Tex., to Louisville, Ky., 
to take over responsibility for sales 
in the latter area, reporting to the 
southern regional office of Parker 
Rust Proof Co. in St. Louis, Mo. 


J. A. Cairns @, vice-president of 
sales, Allied Research Products, Inc., 
has been elected to the Board of 
Trustees of the Metal Finishing Sup- 
pliers Association. 


Charles A. Cardarelli @ — from 
assistant general sales manager in 
the general offices of Crucible Steel 
Co. of America, Pittsburgh, to as- 
sistant manager of the St. Louis 
branch. 
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NOW...1960’s big “break-through” 


Product of 53 years Shot 
Making Experience and 23 years 
Of sponsored industrial research 


NOVEMBER 1960 


“PAT. APP'D FOR 


in metal abrasives 


SHOT GRIT 


An entirely new metal abrasive—a metal transformation never before sup- 
plied in the form of shot and grit, and made by new methods never before 
used for making metal abrasives. 

That's GLOBITE—perfected after 2 years intensive research working with a 
team of expert metals research scientists having at their command all the 
facilities of one of the world's largest industrial research organizations, 
famous throughout the metal working industry. 

GLOBITE has the hardness range, toughness and resistance to breakdown 
of higher priced steel abrasives, and sets new standards of low cost blast- 
cleaning in comparison with lower priced metal abrasives, of other types. 


GLOBITE is part and parcel of today's world advance in science, applied to 
the improvement of metal abrasives. It sets new marks for other abrasives 
to follow. Be among the first to benefit from GLOBITE. Write us. 


THE GLOBE STEEL ABRASIVE CO. 


MANSFIELD, OHIO 
Sold by many leading distributors of foundry supplies from coast to coast. 
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Mechanisms of Corrosion 


Digest of “Mechanisms of 
Corrosion”, a Seminar sponsored 
by the Chicago-Western Chap- 
ter of the A.S.M., April 14, 
1960, Argonne National Labo- 
ratory, Argonne, Ill. The high- 
lights of the five talks are 
reviewed here. 


OF METALS” was the 

subject discussed by the first 
speaker, E. A. Gulbransen (Westing- 
house Research Laboratories). Tra- 
ditionally, oxidation of metals has 
been investigated by (a) observing 
the reaction products and deducing 
what is happening, and (b) measur- 
ing oxidation rates. The latter ap- 
proach has been quite popular since 
Wagner presented his theory of oxi- 
dation, a mechanism based on the 
diffusion of metal or oxygen ions 
through interstitial sites or through 
cation and anion defects in the oxide 
film. 

The electron optical microscope 
offers a most useful tool to observe 
events and enables researchers to 
correlate these observations with 
measurements. In oxidation and cor- 
rosion reactions, environment, im- 
purities, metal structure and stress 
all are important. As an example, 
Dr. Gulbransen mentioned _ the 
Indian iron column which has with- 
stood 1670 years without corroding 
because of the dry climate. (Corro- 
sion rates can vary 100-fold, de- 
pending on the humidity.) It ap- 
pears that normal oxidation takes 
place in dry zones while wet envi- 
ronments enhance electrochemical 
action. 
the important parameter. However, 
in normal oxidation the oxide film 


In the latter, local attack is 


and the reaction are assumed to be 
uniform, and the metal underlying 
the oxide is assumed to be structure- 
less over a particular grain. 

Recent developments have shown 
that crystal orientation, line and 
point defects determine the me- 
chanical properties of the metal. 
These same factors may also deter- 
mine the nature of the scaling re- 
actions on metallic surfaces. The 
first evidence that the reaction prod- 
uct is not continuous was recently 
uncovered by Bardolle and Benard. 
Upon oxidizing Armco iron at rela- 
tively low oxygen pressures, they 
observed several oxide nuclei of defi- 
nite crystal habit on any one single 
metal grain. Never was a single crys- 
tal of oxide observed to form on a 
single crystal of iron. 

In a series of experiments con- 
ducted by Gulbransen and others, 
scaling reactions were carried out so 


Fig. 1—Blade-Shaped Platelets of 
Iron Oxide Formed on Pure Iron 
Reacted in 10% Steam, 90% Argon 
at 450° F. for 48 Hr. 10,000 x 


Fig. 2— Area and Line Mapping Equipment With the 


Various Components. 


This equipment is used in 


observing local electrical action on a corroding surface 
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Bright solution for bright annealing problem 


The non-magnetic stainless steel parts above are used by Waterman Products 
Company, Philadelphia, Pa., in electron tubes. They are bright annealed at 
1150 C (2102 F) maximum temperature in a dry hydrogen atmosphere 
on a 15 minute cycle. The furnace employs an Inconel muffle, water cooled 
at the rear for quick cooling of the work. 

Since close, uniform temperature control and utmost cleanliness are nec- 
essary, electric heat offers obvious advantages. Ordinary ribbon elements, 
however, have a working limit of about 1150 C (2102 F)—too close to 
the maximum temperature used for practical operation. 

What's the answer? The Waterman Products Company solves the problem 
by having the parts annealed in a 40 kilowatt electric furnace designed and 
built by the Drever Company, Bethayres, Pa., equipped with GLOBAR® silicon 
carbide heating elements. 

GLOBAR elements can be used with safety to above 1510 C (2750 F). There 
are no combustion products to cause problems. There are no stack losses, and 
radiation loss is reduced to a minimum through the use of insulating refrac- 
tories. The result is greater efficiency and a cooler shop. GLOBAR elements, 
moreover, make possible a simpler, more compact furnace, saving space 
and expense. 

The advantages of heating with GLOBAR elements often more than cancel 
out differentials in Bru costs between electricity and other fuels. Why not 
investigate with your furnace builder—or write to Refractories Division, 
Globar Plant, Dept. MP-110, The Carborundum Co., Niagara Falls, N. Y. 


For latest advances in silicon 
carbide heating elements... count on 
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For precise, economical 
electric 
heating 


GLOBAR 
silicon carbide 
heating elements 


¢ Shipped from stock or within two 
weeks. 


* Temperatures from 1400 to 2800 F, 
precisely controlled, independent 
of atmosphere. 


* Easily replaced from outside with- 
out waiting for furnace to cool. 


line” operation for many 
applications—no transformer 
necessary. 


* Elements 4” to 105” in length. 


* For greater economy in heat treat- 
ing, brazing, forging, melting, 
and sintering. 


| CARBORUNDUM’ 


RARE EARTH 


AND 


YTTRIUM 
‘METALS 


Your search for promising new 
materials for metallurgical and 
chemical synthesis applications 
should include the rare earths and 
yttrium. 


As metals, the rare earths and 
yttrium are available immediately 
from our inventory in the form of 
ingots, lumps, and in some cases 
as sponge. Costs are reasenable. 
Forms and purities are adequate 
for your research or product devel- 
opment operations. 


Rare earth and yttrium metals 
are only a part of the wide range 
of Linosay rare earths which cover 
the whole gamut of rare earth 
technology, from crudes to highly 
refined materials. 


tinosay has been working with 
the rare earths for nearly 60 
years, and is the world’s largest 
producer of rare earth, yttrium 
and thorium materials. Feel free 
to discuss with us your problems 
and thoughts on the use of rare 
earth ond yttrium metals .. . we 
may be able to save you time, and 
get you off to the right start. 


A considerable amount of inter- 
esting and revealing technical 
data on rare earth and yttrium 
metals, including detailed tabula- 
tions of properties, purities and 
costs, is given in our bulletins on 
“Rare Earth and Yttrium Metals.” 
They will be sent to you promptly, 
on request. 


[npsay CHEMICAL [)IVISION 


American Potash & 


Chemical Corporation 


99 Park Avenue, New York 16, N.Y. 


3000 West Sixth St., Los Angeles 54, Calif. 
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that the oxide formation could be fol- 
lowe:| directly in the electron micro- 
scope, and the reaction products 
could be identified while in position 
by electron diffraction techniques. 
Three types of localized crystal 
habits were observed. In dry oxy- 
gen, thin oxide whiskers, 150 A. in 
diameter and up to 20,000 A. high. 
formed on the surface of the an- 
nealed metal. Each whisker is a 
single crystal of a Fe,O,. When 
the atmosphere is 10% steam, 90% 
argon, thin blade-shaped platelets 
form (see Fig. 1). They are 
a Fe,O.,, 100 to 8000 A. wide and 
30,000 A. long. Water increases 
the reaction rate and effects the site 
and crystal habit of the reaction 
product. When cold worked iron or 
iron-containing interstitial impurities 
is reacted in dry oxygen, thin, 
rounded oxide platelets, 100 A. thick 
and 75,000 A. wide and high, form. 

Gulbransen and others also inves- 
tigated the role that (a) cold work- 
ing, (b) external stress and (c) in- 
ternal stresses due to a precipitate 
play on the crystal habit of the form- 
ing oxide. For instance, when speci- 
mens of stainless steel were exposed 
to wet oxygen (plus a trace of hydro- 
chloric acid) at 600°C. (1110° F.) 
for 138 hr., the crystal habit of the 
oxide changed from platelets and 
whiskers to grown platelets as the 
applied stress was increased. Un- 
stressed material displayed only 
whiskers. 

At present, it is not known 


whether the whiskers and the plate- 
lets grow out of the oxide or out of 
the metal. If they were growing 
out of the metal, they could actually 
be setting up trenching and possibly 
stress concentration sites by localized 
corrosion. Materials which exhibited 
stress-corrosion cracking showed 
platelets, while alloys, such as In- 
conel and Nichrome, which do not 
stress crack did not show platelets. 

This technique, which affords a 
means to identify and observe the 
formation of the scaling products, 
when coupled with studies of kinet- 
ics, will undoubtedly shed some 
light on many unexplained scaling 
phenomena such as the sudden in- 
crease in scaling rate in such metals 
as zirconium and columbium. 

Aqueous corrosion was covered by 
H. T. Francis (Armour Research 
Foundation), who began by stating 
that the electrochemical nature of 
aqueous corrosion has been well 
recognized for many years. How- 
ever, in general it is thought that 
gross attack or direct corrosion is ot 
a chemical nature, whereas localized 
attack is considered to be electro- 
chemical. 

A recent technique of his allows 
him to observe directly the local 
action taking place on a corroding 
metal surface. This technique. re- 
ferred to as electrochemical mapping. 
can in turn be subdivided into two 
methods which complement each 
other: line scanning and area scan- 
ning. With the former technique. 
he can plot the instantaneous in- 
tensity of the anodic and cathodic 
areas along a line on the corroding 


Fig. 3 — Schematic of Thermal Mass Transfer of Iron by a 
Liquid Metal. Iron is dissolved in the hot leg and is car- 
ried to the cold leg where it forms crystals which then deposit 


Liquid Metal} 


Stagnant Boundary Film 


Cold Leg 
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CREATIVE COST CUTTING 


Selecting the metal to fit the job can give you 
surprising savings in total cost 


Small spring clips between telescoping parts of auto radio antennas must maintain electrical contact, hold 
— firmly, give smooth sliding action. Brach Manufacturing Division of General Bronze Corp., Newark, N. J., 
ound that spring clips of Duraflex® , Anaconda superfine-grain phosphor bronze, gave best positive electrical 
contact and improved smooth action in Brach Auto Antennas over original clips made of premium metals. The 
clips stand up in constant use, spot welding and fabrication are easier—and costs are about 25% lower. 


In this G-E Automatic Coffee Maker control, a thermostat turns cam actuating switches—for high heat to brew 
cottee, for low heat to keep it warm. At first, upper switch element was an assembly of blade, bushing, and 
locking nut. Tinnerman Products Inc., Cleveland, Ohio, engineered a one-piece Speed Clip to replace it—by 
forming one thread in the blade and two prongs to lock the screw (see inset above ). This simplification called 
for a superior phosphor bronze. Tinnerman found it in Duraflex, Anaconda superfine-grain phosphor bronze. 
It has higher tensile strength and endurance limit for long-lasting dependability—greater formability for eco- 
nomical manufacture. The result: unit costs were cut— and G-E assembles controls faster, more easily. 6045 


Quality control and cost reduction can go hand in hand. The 

secret is often simply matching the metal to the job. And A N AC O N . A 
Anaconda specialists, starting with 93 standard alloys, can 

offer an almost unlimited number of combinations of useful COPPER - BRASS - BRONZE 
properties. For creative help in meeting your problems, write NICKEL SILVER MILL PRODUCTS 


Anaconda American Brass Co., Waterbury 20, Conn. In Anaconda American Brass Company 
Canada: Anaconda American Brass Ltd., New Toronto, Ont. 
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HARRIS BASKET CHILLING 
ATTAINS NEW STABILITY 
AND HARDNESS FOR 
NORMA-HOFFMANN BEARINGS 


“Our Harris Production Chilling Cabi- 
net attains dimensional stability in our 
bearings along with a hardness higher 
than lly obtained by heat stabi- 
lization methods,"’ says Richard D. 
Robertson, Vice President of Manufactur- 
ing for Norma-Hoftmann Bearings Corp., 
Stamford, Conn. 

His comment tallies with those of 
hundreds of other officials of America's 
foremost manufacturers who are achiev- 
ing, at the sub-freezing range of the 
temperature scale, metal properties never 
possible with conventional heat treating. 
The reliability of Harris equipment in 
these applications is testifying to Harris’ 
pioneering background since 1934 in 
servicing and engineering refrigeration 
equipment for the most exacting re- 
quirements. 


Norma-Hoffmann's Harris Model 331- 
A2-75 Heavy Duty Chilling Cabinet with 
solid wall basket refrigerates 500 Ibs. 
of steel from room temperature to 
-120°F. in 1% hours with ambient room 
temperature of 100°F. Total adjustable 
temperature range is O°F. to -150°F. In- 
dicating controlling thermostat sensitive 
to 1°F. One year warranty and 30-day 
service agreement. 


f RECORDER o 
} 
| 


loose parts easily handled in solid wall 
basket with screen bottom for efficient 
air circulation and rapid heat transfer. 
Blower insures uniform temperature 
throughout chamber. 


ASK HOW CHILLING CAN CUT YOUR 
COSTS, IMPROVE YOUR PRODUCT 


306 RIVER ST., CAMBRIDGE 39, MASS. 


Pioneer in refrigeration service, engineering, 
and manufacturing since 1934 
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surface. The latter method graph- 
ically maps, at any given time, the 
locations of these areas with some 
indication of their intensity. 

Basically, this technique measures 
potential differences in the corro- 
sive solution as a function of posi- 
tion along the corroding metal. In 
turn, these measured potentials indi- 
cate the galvanic current or electro- 
lytic action at particular places. 

The potential difference is meas- 
ured with a reference electrode 
located quite close to a rotating 
cylinder of the material which is 
immersed in the solution in ques- 
tion. The resulting signals are 
recorded on an oscilloscope. A pic- 
ture of the experimental setup is 
shown in Fig. 2. In line scanning, 
the reference electrode is kept sta- 
tionary, and the variation in poten- 
tial along a line on the circumference 
of the rotating cylinder is recorded 
on the oscilloscope. In area scan- 
ning, the reference probe moves up 
and down along the axis of the 
rotating cylinder to plot the relative 
cathodic and anodic areas while the 
variation in potential is presented on 
the scope as the z-axis modulation, 
or intensity. 

That the specimen must be ro- 
tated is a limitation to this technique 
in that corrosion cannot be investi- 
gated under stagnant conditions. 

The limit of resolving power is 
dictated by how close the probe can 
be located to the surface of the 
material. Thus, if this distance is 
small relative to the distance be- 
tween the cathodic and anodic areas, 
the measured potentials are likely to 
show separate cathodic and anodic 
areas, and give a reasonable indi- 
cation of current densities. The area 
and line scanning techniques reveal 
the presence of pits and their growth, 
among other things. 

To demonstrate this technique, 
slides were shown illustrating that 
when a sample of steel was placed in 
a dilute solution of hydrochloric 
acid, rapidly shifting cathodic and 
anodic areas of varying intensities 
were formed on the surface of the 
steel. These results are particularly 
significant since corrosion of steel 
in dilute hydrochloric acid falls in 
the category of general attack or 
direct corrosion. On the other hand, 
when this steel was placed in a 
dilute solution of sodium chloride, a 


big savings 
for your 
finishing 
department 


A PICTURE OF WASTED PAINT. 
The overspray you see is typical 
of most old-fashioned spray sys- 
tems. Fifty per cent or more of 
the paint never reaches the 
object to be painted at all. 


WITH NORDSON AIRLESS. The 
same product being sprayed by 
the same man; but, this time, 
little or no overspray — paint 
waste cut 25 per cent or more. 


With an ordinary spray system, 600 
parts of air are needed to atomize one 
part of paint. When the spray gun is 
triggered, the mass of air must go some- 
where and it carries with it clouds of 
paint — much of which goes up the 
spray booth exhaust stack or settles 
where it is unwanted. 

The Nordson Hot Airless System 
changes all that. No air is used for 
atomization so overspray is cut to a 
bare minimum. Important savings are 
made in both material and labor. Clean- 
up time is cut to the bone, housekeep- 
ing improved. We can show you how 
to cut painting costs and at the same 
time get better finish quality. Write 
for your free copy of the Nordson Hot 
Airless Spray Brochure. 


NORDSON CORPORATION 


68 JACKSON STREET - AMHERST, OHIO 
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Why Armco 17-4 PH Stainless Steel 
Packs Parts with Stamina 


Stronger than Type 416; Corrosion resistance in the class of 18-8 


Fabricate parts from 17-4 PH stainless steel bars. Then identity durable 
get high strengths (Ultimate tensile: 200,000 psi; Stee! 
Yield: 185,000 psi) by short-time 900 F heat treat- enone 
ment. No scaling. No distortion. 

Economical parts made of Armco 17-4 PH are not 
only harder and stronger, but much more resistant to ARMCO STEEL CORPORATION ; 
corrosion than those of Types 410 or 416. They are nephuntemeinmmanaehuges 
comparable in many applications to 18-8 stainless Send more data on Armco 17-4 PH Stainless. 
grades in corrosion resistance and superior in some. 

Armco 17-4 PH stainless steel bars and wire, for 
shafts, valves, fasteners, and similar strong, corrosion- a 
resisting parts, are readily available through Armco STREET 
Sales Offices and steel service centers of Armco Stain- 
less Distributors. Call one of them today, or mail the 
coupon for more data. 


ARMCO STEEL 


Armco Division + Sheffield Division * The National Supply Company + Armco Drainage & 
Metal Products, Inc. « The Armco International Corporation * Union Wire Rope Corporation 


NAME 


city 
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Corrosion... . 


more localized action was observed. 
Again, anodic areas, which are 
potential pit locations, appear and 
disappear. In some instances, they 
become progressively more anodic, 
and ultimately develop into active 
pits. Sometimes, cathodic action 


seems to stimulate subsequent anodic 


activity at the same locations. 

Small inhibitor additions reduce 
or eliminate cathodic and anodic 
areas; this was clearly demonstrated 
when steel was immersed in a di- 
lute sodium chloride solution to 
which small amounts of sodium 
chromate were added. Depending 
on the amount added, inhibitors 
rapidly decrease or eliminate such 
areas. 


ROHCO” SUPPLIES THE BRIG HT ZINC MAKINGS 


As easy to use as a cocktail mix! Just add a little 
ROHCO Zinc Brightener to your conventional zinc 
plating bath . . . and just that easy you get 
bright chrome-like zinc at only 12% more than 
than the cost of ordinary zinc plating! 


ROHCO 102 BARREL 


For 3-D depth in a mirror-like finish. Exhibits 
high covering power that puts substantial 
thickness of deposit in + usually un- 
plated. Your customer will notice the differ- 
ence, too. 


ROHCO 503 
STILL OR BARREL 


Gives jewel-like bright zinc deposits with 
minimum effort or expense. Ideal for large 
tanks or where one brightener is desired for 
all bright zine baths. 


With the mounting demand for bright zinc plat- 
ing why not spare yourself the trouble and ex- 
pense of trial and error? Why not use ROHCO 
Bright Zine “makings” for istent and depend: 
able results? Call your ROHCO Representative to 
arrange for an early trial . . . 


—~—-Nationwide Stockpoints-————-— 


R. O. HULL & COMPANY, INC. 


1308 Parsons Court e 


Rocky River 16, Ohio 


The RIGHT START . 
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With this technique, the nature of 
stress-corrosion can also be investi- 
gated merely by stressing the speci- 
men exposed to the corroding 
medium. As before, cathodic and 
anodic areas were observed, and 
cracks were found associated with 
anodic areas. However, it is not 
clear whether the cracks originated 
at the anodic area or the cracks 
made the area anodic. This most 
perplexing question still remains 
unanswered. 

In summary, this technique 
clearly shows that general corrosion 
is definitely electrochemical in na- 
ture. Furthermore, it is a powerful 
tool for investigating any system in 
which there is local attack but the 
location of the area under attack 
is uncertain. 


Mechanism of Attack 


The mechanism of liquid metal 
attack was the subject of J. R. Weeks 
(Brookhaven National Laboratory). 
In introducing his talk, he said that 
liquid metals are excellent high- 
temperature coolants because of their 
low vapor pressure and excellent 
heat transfer coefficients. These 
properties make them useful in nu- 
clear power reactors because of the 
very high heat fluxes available from 
a nuclear fuel. However, their use 
introduces a special type of corrosion 
phenomenon. In it there is a con- 
tinuous dissolution of the container 
material into the liquid metal in the 
hottest portion of the heat exchanger 
(hot leg). This is accompanied by 
the continuous reprecipitation of the 
solute from solution in the cooler 
part of the heat exchanger (cold leg). 

The process consists of the follow- 
ing stages: solution, diffusion, and 
bulk transport of the dissolved metal 
by the solution, followed by nuclea- 
tion, transport, and growth and sin- 
tering of the crystallites in the cold 
leg (see Fig. 3). After going into 
solution, the metal diffuses through 
a relatively stagnant layer lying next 
to the walls of the hot leg. Applica- 
tion of kinetic equations to measured 
rates of solution indicate that this 
process is the rate controlling step in 
all simple systems. The nature of the 
liquid metal flow — whether it is tur- 
bulent or not — affects both diffusion 
and transport of the dissolved metal. 
Nucleation of the crystallites, which 
occurs at the cold leg, requires a 
high degree of supersaturation. As 
expected, nucleation is accelerated 
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New High-Temperature Alloy Improves 
Cost-To-Strength Ratio 


Excellent strength and oxidation 


resistance in the 1200 to 2000 deg. F. 

range are among the features of RELATIVE COST OF SEvERa, Mio / 
Haynes Alloy No. 56—a new high- TO WITHSTAND A 20,000 Ls. nis 

temperature alloy developed by 12.00 1200 To 100 PE OF / 
Haynes Stellite Company. 


A sampling of its cost advantages 
at a given tensile load, compared 
with other high-temperature alloys 
in the graph at the right, is well worth 
your study. 

Alloy No. 56 can be readily hot- 
worked and formed. It is easy to 
heat treat. It comes in the form of 
sheet, plate, bar, wire, and coated 
welding electrodes, and can be fur- 
nished as sand-, investment-, and 
resin shell-mold castings. The cou- 
pon below will bring you a wealth 
of technical data. 

The new iron-base alloy contains 
nickel, cobalt, chromium, and molyb- 
denum. It has high strength at tem- 

, peratures up to 1500 deg. F and 
maintains useful strength at tem- 
peratures as high as 2000 deg. F. 


ES 


Ni, 19Cr, 11Co, 10Mo, Ti, Al* 7 
i 
Z 
AMS 5525A° 


Fill in and mail this coupon today 


r 
| Haynes Stellite Company, Dept. 41 -—2- = |} 
aLLowys | 270 Park Avenue, New York 17, N.Y. =e ee 
Please mail me the free, 16-page 
HAVNES STELLITE COMPANY properties-data booklet on the new Haynes Alloy No. 56. 


Division of Union Carbide Corporation _ — 
Kokomo, Indiana NAME 


ADDRESS. 


CITY. 


Haynes” and “‘Union Carbide”’ are registered 
trade marks of Union Carbide Corporation. 
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Corrosion . . . 
by progressively higher degrees ot 


supersaturation, and by a large tem- 
perature gradient between the solu- 
tion and the walls of the heat ex- 
changer. A small cold wall area will 
localize precipitation and greatly re- 
duce it elsewhere. 

The mass transfer of iron in liquid 
bismuth was presented in terms of 


the above steps. A high flow rate 


but a slow rate and high heat re- 
moval yielded a lacy structure. In- 
troducing impurities, either to the 
solid or to the liquid metal coolant, 
may either accelerate the dissolution 
of the container material (as oxy- 
gen in liquid sodium accelerates the 
solution of steel), or such impurities 
may partially inhibit solution (as 
zirconium or titanium in mercury or 
liquid bismuth inhibit the attack on 
steel). The latter elements are ab- 
sorbed on the iron surface, and form 


promoted a massive iron deposit. nitride and carbide films which 


slash costs of hard-to-make parts 


Have a list of alloy parts you’re now using? And their cost? 
Willing to invest a stamp to cut these costs? 

Using the “lost wax” process, we’ll cast, in our modern plant, 
about any shape part you need—at a surprisingly low per unit 
cost. 

Just send a sketch of each part to Westinghouse 
Electric Corporation, Metals Plant, Blairsville, Pa. 

If it’s castable, we'll snap back with details on 
prototype or production quantities. Shell-mold and 
vacuum casting also available. J-05012 
Westinghouse investment casting produced this circuit breaker 


trigger as a single piece. Elimination of machining and assembly 
time reduced production costs by 60%. 


You can be sure... if it’s 


Westinghouse 
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retard the solution of iron. Relation- 
ships between the inhibiting film for- 
mation and the composition, heat 
treatment, and structure of steels 
were discussed. Steels which have 
the maximum nitrogen and carbon 
activity are most suited to corrosion 
inhibition. Inhibitors shift the rate 
controlling step from liquid diffusion 
to dissolution. They also increase the 
cold lag supersaturations required 
for precipitation to occur. Dissolu- 
tion rate at the hot leg of a 1020 
steel heat exchanger was extreme], 
slow after as little as 0.04% Zr was 
added to the liquid bismuth. 

The science of liquid metal co: 
rosion in still in its infancy due to 
the lack of an adequate model de- 
scribing what happens when a solic! 
metal dissolves in a liquid one 


Corrosion by Fused Salt 


Next, J. H. DeVan (Oak Ridg: 
National Laboratory) lectured on 
“Corrosion of Metals by High-Tem 
perature Fused Salt Mixtures” 
Fused salt mixtures have long bee: 
of interest to metallurgists both as 
fluxing agents and as baths for heat 
treating. With the advent of nuclea: 
reactors, the containment of molten 
salts has taken on added importance 
Attempts are now being made to 
employ various salt mixtures as cool- 
ants, carriers of fuel material, and as 
neutron barriers. Salts are useful 
because they remain stable unde: 
irradiation and have low vapor pres 
sures at relatively high temperature 

Though hydroxide systems are also 
being investigated, the talk dealt 
mainly with the corrosive action of 
fluorides of sodium, zirconium and 
uranium in contact with Inconel 
When these salts were tested in an 
Inconel heat exchanger, the metal 
surface lost chromium at the hot leg 
while the salt was being enriched in 
this element. Actually, the over-all 
process comprises the diffusion of 
chromium to the metal-fused-salt in- 
terface where it reacts with the flu- 
oride ion to form chromium fluoride. 
In turn, that compound is trans- 
ported to the cold leg where pure 
chromium precipitates. The rate 
controlling process is the diffusion of 
chromium to the depleted interface. 

To improve the performance of 
the heat exchanger, it was operated 
at a lower temperature (to retard 
diffusion of chromium to the metal- 
fused-salt interface), the chromium 
content of the alloy was reduced, 
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This bird grew up in a Gas-heated nest. The nest is the plant of Hiller Aircraft Corporation in Palo 
Alto, California, where gas is used exclusively in the heat processing of aircraft parts. From the big 
bubble up front to the rotor blades in its tail, nearly every part of a Hiller helicopter is processed with 
gas heat. Gas heat cures plastics, anneals metals, dries paint, heats solutions for plating . . . keeps the 
plant itself warm in winter. Hiller Aircraft—and thousands of other companies—use gas heat because 
it is completely controllable, fast, clean, economical. Gas is technically right and economically sound 
for all types of heat processing. Call the Industrial Sales Engineer at your 4 local gas company 


for specific technical help. American Gas Association. FOR INDUSTRIAL HEATING © GAS IS GOOD BUSINESS 
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NEW NEW NEW NEW NEW NEW NEW NEW NEW 
WHEN IT 


the easy modern way to determine 
exact working temperatures! 


Just mark or stroke the surface with THERMOMELT ... 
when it reaches the desired temperature, the mark liquefies. 
There’s no guesswork, no wasted time or material... 
THERMOMELLT is the quick, precise way to determine 
heating temperatures. Accurate to within +1%. 


ores FOR EVERY TEMPERATURE from 113°F. to 2000°F. 
ALSO AVAILABLE IN LIQUIDS AND PELLETS for inaccessible “4 
or hard-to- “measure applications. Wide range of temperatures. 


4 


Send today for free THERMOMELT literature and pelie. 
sample (indicate temperature desired). 


MADE BY THE MANUFACTURERS OF MARKAL PAINTSTIK MARKERS 
AND PROTECTIVE COATINGS 


e ARKAL COM PA NY 3118 West Carroll Avenue, Chicago 12, Illinois 
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and enough chromium impurities 
were added to the salt to lessen ini- 
tial solution of the chromium. The 
Inconel composition was changed 
from 15% Cr, 7% Fe, to 17% Mo, 
5% Fe, 7% Cr, and the corrosion 
rate decreased from 0.013 to 0.005 
in. loss per year. 

In conclusion, corrosion of metals 
by fused salts pertains to the area of 
high-temperature corrosion, since in 
both cases the rate controlling step 
is the diffusivity of the component 
being attacked preferentially. 


Solving Corrosion Problems 


The last talk was given by F. L. 
LaQue (International Nickel Co.) 
who introduced his talk on “Specific 
Corrosion Problems and Their Practi- 
cal Solutions” by saying that he spent 
most of his career solving unantici- 
pated corrosion problems. 

Oxidation problems were illus- 
trated by tracing the history of the 
development of the heating elements 
for electric ranges. In this develop- 
ment, engineers soon found that a 
suitable alloy could not be selected 
on static oxidation test results alone. 
Rather, cyclic tests more closely 
simulated actual service conditions, 
and consequently were more mean- 
ingful. The reason? The oxide film 
which is protective at the operating 
temperature is likely to crack during 
heating and cooling cycles and thus 
be less protective. 

The speaker also described a 
rather baffling case of pseudo-aque- 
ous corrosion which involved poor 
color reproducibility in hosiery dye- 
ing. This difficulty, which was attrib- 
uted to corrosion of the dye vat alloy 
(in this instance, Monel), was solved 
after a long and tedious investigation 
tinged with luck. The presence of air 
in the vat during dyeing controlled 
the success of the operation. As long 
as air was available to the dye, no 
trouble occurred; however, place- 
ment of a tight cover over the vat 
caused trouble. (Under these condi- 
tions, the dye was being reduced.) 

Another case involved corrosion of 
nickel in the pasteurization of milk. 
The strange behavior was finally ex- 
plained on the basis that corrosion of 
the nickel occurred only during the 
period when the temperature of the 
milk was being increased. 

D. J. Garorti 
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100,000 
METALLOGRAPHIC SAMPLES 
POLISHED DAILY WITH Combination Models—Series H and D 


Drawing Range 
Four Standard Models . ef special design to suit 


General Purpose Box Models 
Series 2000 and 2300 
Ten models 2000°F and 2300° F 
range 
All standard models include 
an automatic indicating con- 
troller and are wired ready 
to operate on standard line 


* “On the spot” polishing attachment a furnaces for semiconductor 
diffusion processes, sintering, 
glass annealing and process- 
es requiring temperatures up 
to 3000° F. 
WILLIAM HA: inquiries are invited—no obligation 
& co., INC. Series H & D Series 2000 
Circle 17 on Page 48-8 ELECTRA PRODUCTS CO. Montgomeryville, Pa. 
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POWDERED METAL 
BOOKLET . 


“FLAME HARDENED 


Gives cost-cutting hints, including: 


® Advantages and limitations of Remet 
process 
For your copy write to... 


Valuable Technical 
METAL PRODUCTS 
R E E DETROIT information 
S [Oltiame hardening co 


537 Howard Ave. Lancaster 12, Penna. | ‘ F R 


Geors Pinions Cams ¢ Ratchets ‘‘Oilless’”’ 17644 Mt. Elliott Ave.- Detroit 12, Mich.» TWinbrook 1-2936 For The Asking 

* NICKEL SILVER © COPPER INFILTRATED IRON Circle 23 on Page 48-8 
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“C-R" COATINGS 


MARKAL “C-R” COATINGS will protect a 
wide range of metals at temperatures up to 
| grr 2100° F. against carburizing, corrosion, 
identify m after heat treating 

regardless of temperatures and oil ee are easily applied, easily 


or water quenchings. Use “M" u 
to 1600° F., “M-10" up to 2400" F WRITE ON LETTERHEAD FOR complete 


WRITE ON LETTERHEAD FOR complete , Coating information. 

Pointstik information. 

MARKAL COMPANY 3118 West Carroll Avenue Chicago 12, Illinois 
Circle 48 on Page 48-B Circle 49 on Page 48-8 
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‘i — FURNACES 
| we serve the with 
Design 
| 
| 
IDENTIFY PARTS =STOP CARBURIZING, DECARBURIZING, 
FOR HEAT SCALING DURING 
TREATING! HEAT 
| AINESTIK COATING 
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Nothing Is Too MULTI MOTION DIES* .... 
Intricate the GENUINE FOR COMPACTING POWDERED 


to the most complex B R L L TEST SPECIMENS .... 


Or HARDNESS TESTING MACHINES =o 


Transverse Bars 


Difficult made by the Alpha Co. of Siene Steseath 
Sweden and available from Bushings 

For, , our stock at New Rochelle Slugs 
— od Stepped Parts 

Alumilite ACCURACY AND Complete design 
Anodizing | J CONSTANCY of cali- facilities for dies 

bration . . . at the 
standard 3000kg test or subpress units 
EXTRUDED ALUMINUM | | [029 to press unusual 
SHAPES To Your kg | shapes in lab 

Specifications Write for Bulletin TemsiLe TEST. BAR presses. 
Send for stock die catalog No. A-18 — i 10-50 “PATENTED 

or send rough sketches for . 

help with your design. GRIES INDUSTRIES. INC. HALLER, INCORPORATED 
JARL EXTRUSIONS, INC. Testing Machines Division 16580 Northville Rd. Northville, Mich. 
Dept. MP, Linden Ave. + East Rochester, N. Y. NEW ROCHELLE 3.N Y 
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LICK 


outous SYSTEM 


| 


Tests at Ford’s Indianapo- 
lis Steering Gear and Cold ie 
Heading plant proved Eliminates RUST 
Wiretex fabricated alloy & 

trays saved many dollars, 


outlast other trays by Fire Hazards 


more than 3 times. 26 


months later, the trays Non-F lammable 
were still in use, without Non-Toxic 


replacement. 


Send for Brochure: 
Call Wiretex for all your heat treating requirements to The ABC of Rust-Lick 
resist acid, heat, abrasion or exposure. for Rust Prevention 


33 Specialists in Processing Carriers Since 1932. RUST-LICK, INCORPORATED 
mfg. €0., 20 Mason Street, Bridgeport 5, Conn. 755 BOY\STON STREET 


BOSTON 16. MASS 
Circle 24 on Page 48-B P 8 - 


Cor-Wal construction developed by Stanwood 
engineers has proved its merit in many heat 

treating departments and commercial heat treating 
shops. The heat resistant, corrugated rolled alloy 
metal used in Cor-Wal construction has better 

loading carrying properties and provides better 
resistance to thermal stresses—works with the 

heat, not against it. Send for Bulletin 358. 


CORPORATION 


CHICAGO 39, ILLINOIS 
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Wiretex BASE TRAYS OUWTILAST 
oe how WIRETEX solves 
ASKE TORTS BOXES MUFFLES 
REYORTS” CARBURIZING BOX | 
COR-WAL 
CUTTING HEAT TREATING Costs EVERYWHERE! 
4 
Representatives in Principal Cities 
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HUPPERT ELECTRIC FURNACES AND OVENS 
for Laboratory and Plant 


BENCH MODELS FLOOR MODELS 
Range: 300°F. to 2000°F. 28 Standard Sizes 


High temperature, heavy-duty Kanthal Continuous operation to 1850°F.— 
elements intermittent to 1950°F.—for 2300°F. 
Multi-insulation on special order. 
Counter-weighted, tight-sealing door Complete with automatic electronic 
Operational pilot light controller. 

Shipped ready to operate Tight-sealing, wedge-type door. 
Multi-insulation for maximum 
efficiency. 


Shipped Ready to Operate 
Model No. 16 Illustrated $1050.00 


Inside Prices 
Dimensions 220 Volt Single Phase 
With Huppert] With Elec- 
Wide Deep Input tronic Prop 
Controller Controller 


“For 2300°F. add 
$95.00 to No. 11 and . $296.00 $480.00 
No. 12, and $105.00 to 12” 306.00 
No. 12A. No. 12A con 12” 382.00 
be furnished for 3 phase 18” 


. . Also Special Models for Specific Requirements. 
et no additional cost 
Special KR-Supers to 3100 F. 


For floor model add 
$52.00 to above prices. 
No. 869 standardly sup- 
plied for 2200°F. Request new catalog on 


furnaces, ovens, data, prices. 


6844 Cottage Grove Ave., Chicago 37, Illinois 
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Lost Positive, Portable 


Lightweight (7 Ibs.) 
HEAT RESISTING ALLOYS FINDS CRACKS 


INSTANTLY! 


Ready When You Need Them 


Please Send for Stock List and Literature 


Phone WAlnut 1-4462 Phone Clifford 4-4616 
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MAGNAFLUX Y-5 
YOKE KIT 


Everything you need for 

festing: Yoke $ 00 

gray dry powder and 

red prepared bath, 

cleaner, instructions, etc. Users net price 

Metal carrying case. F.0.B. Chicago 

For maintenance overhaul, or even 

Describes National Ultrasonic Corporation's: certain production inspection get the 

@ Applications Laboratory service. Your teal Magnaflux in its most convenient 

sample parts are cleaned ultrasonically and form! Just right magnetizing power— 
equipment and cost recommendations are light, easy to handle 7 lb. yoke, great- 
made at no charge. eat end va ‘lity of re- 
STANDARDLINE medium power cleaners peatab' 
for all applications requiring average sults—Use indoors or out from 115V. 
energy levels. A.C. or a 12V. battery—Handles hard- 
HEAVYDUTYLINE high power cleaners for to-reach parts or areas. 
energy density. 4 d BLACK LIGHT 
NUclean® solvents and detergents especially USE MAGNAGLO on 
formulated tor ultrasonic cleaning. For the fastest, most sensitive tests, it can also 

be used with pressure spray cans of Magnaglo 

and black light. Kits available at modest cost. 


NATIONAL ULTRASONIC CORP. Prom Your or 
MAGNAFLUX CORPORATION 


A Subsidiary of General Mills 
7328 W. Ainslie Avenue, Chicago 31, Iiinois 
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Whitelight 
MAGNESIUM 


your pans, STRIPS 02>" min to7 

A in, to 78,” max. 
comprehensive SHAPES min. to 6:,” 
independen 


ircle 
mill source TUBING 0.0. 
of magnesium HOLL 44” to 615” circ! 
alloy... PLATE & SHEET .092’ to y thick 


ALLOYS 
AZI0 


HITE METAL 
ROLLING « STAMPING corp. 


82 Moultrie Street, 22, N.Y. 
Factories: Brooklyn, N ¥. arsaw, Ind. 
Los Angeles Warehouse: 6601 Telegraph Rd. 
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The Lucifer Furnaces, Inc., Series 
4055 furnaces are manufactured 
in 25 standard models with 

800° F. or 1250° F. maximum 
operating temperatures. These 
furnaces are designed for 
tempering, drawing, heat treat- 
ing aluminum, and glass an- 
nealing. Each furnace is a 
complete unit . . . controls in- 
cluded. They are equipped 

with a large fan and motor to 
force circulation of air in the 
working chamber to insure 
maximum uniformity of 
temperature. 


LUCIFER FORCED AIR 


All electric heat treating fur- 
naces by Lucifer feature * low 
initial cost © low upkeep 

* top production performance 
* minimum replacement down- 
time. For free engineering 
advice, parts, or product infor- 
... write, wire or 
call... 


LUCIFER FURNACES, INC. 


Neshaminy 7, Penna. 
Diamond 3-041! 
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SORGEL 


Saturable Reactors 


Saturable Reactor 
with tap changing transformer 


Regulate and control 
electric ovens 
and furnaces 

more accurately 
and efficiently 


Any amount of A.C. power from 1 Kva 
to 3000 Kva, single phase or 3-phase, at 
any voltage, can be controlled, regulated, 
and varied in stepless increments, with 
SORGEL Saturable Reactors. 

The control can be a small manually oper- 
ated hand wheel that can be placed in any 
desired location, or it can be automatically 
controlled, regulated and varied by a 
thermostat or any other instrument or 
device. 

SORGEL reactors are designed to meet 
your exact requirements. Let us know 
what your problems and requirements are, 
and we will submit our recommendations 
with complete information. 


Write for Bulletin 658. 
* 


Also a complete line of 
dry-type transformers. 
All standard and intermediate ratings, 


% Kva to 10,000 Kva, 
120\to 15,000 volts. 


Sales Engineers in principal cities 
Consult the classified section of your tele- 


phone directory, under the heading “Trans- 
formers,” or communicate with our factory. 


Sorgel Electric Company 


834 W. National Ave., Milwaukee 4, Wis. 


Since 1916 devoted to creative engineering 
and manufacturing craftsmanship 
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GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 
in Canada—Hamilton, Ontario 
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MICRO 


Applies 1 to 10,000 gram loads 
Write for Bulletin 


Kent Cliff Laboratories Div. 
The Torsion Balance Company 


CLIFTON NEW JERSEY 
Circle 19 on Page 48-B 


This new Super Satellite 
rotary diazo printer is acclaimed by draftsmen 
as the fastest white-printer in the low price 
field. Made by wn w Inc., of Cuyahoga 
Ohio, its feedboard (A) and pai guide (B) 
are aluminum, polished and 
by General Extrusions, Inc. 
GENERAL EXTRUSIONS, INC. 

4040 Lake Park Road © Youngstown, Ohio 

Sales Offices at St. Louis, Pittsburgh, Chicago, 
Cincinnati, Cleveland and Chattanooga 
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DERMITRON 


NON-DESTRUCTIVE TESTER 
COATING THICKNESS TESTER 


© permuts direct, accurate 
readings corresponding 
ROUND, SQUARE, FLAT AND 
HALF-ROUND WIRE FOR MASS @ ideally suited for on- 
PRODUCTION OF SMALL PARTS the-jeb production work 

Beryllium Copper  Bronzes ocliminstes micro- 


Scope, conversion charts, 
Other Non-ferrous Alloys complicated tables 


Rounded or square edges. olor oad. 
Available with hot-tinned checking of surface layers, 


finish for solderability. thin sheets, flat springs, 
instrument parts, wire 


Write for descriptive folder. FAST... ACCURATE punches, etc. 


LITTLE FALLS ALLOYS NON-DESTRUCTIVE 
INCORPORATED DIRECT. READING ey 222 YORK ROAD 

as little as 
193 Caldwell Ave., Paterson 1, N. J. 20016" respectively os ae 
Instantly measures the thickness 
Circle 40 on Page 48-8 of metallic and non-metallic coat- Write, wire or eal fer full dates 
ings and films Circle 55 on Page 48-B 
@ Based on eddy-current principles 
e Enables measurements on small or 


otherwise inaccessible areas 
RESIWELD This portable instrument for both lab- oA M a 


oratory and production use, gives fast, 


ig ihe ond direct modular 

ally any coating on any base, including: 
@ Metal coatings (such as plating) on power spray 
EPOXY meta! base (magnetic and non- washers 


magnetic) 

GUIDE : — @ Non-metallic coatings (such as 
paint, anodizing, hard-coat,ceramic) [V{ MAXIMUM PERFORMANCE 

on metal base 

Interested in modernizing your pro- @ Metal films (such as vacuum met- wv 

duction? Get this handy reference = on ee base (plas- MAXIMUM ECONOMY 

guide on epoxy adhesives, coatings, cs) 

; Write for latest bulletins and ques- Proof? In this Ramco 
sealants, and plastic alloys . . . with- fa Bulletin . . . shows how 
out cost or obligation tionnaire to help solve your thickness you can create the right 

system for today's .. . 
Just write us on your company testing problems aaa comanen’e, needs. 
letterhead and ask for a complimen- Send for your copy 


tary copy of Resiweld Book #2. ~ on ver Cee 


RESIWELD 
H. B. Fuller Co. ASSEMBLIES, INC. EQUIPMENT —" 


= DIV. OF RANDALL MFG. CO., 
a ST. PAUL , MINN. 809 Edgewater Rd. * New York 59, N.Y. 
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Aluminum Soldering Flux Silver Solder Flux Stainless Steel & Chrome 


Now ... Solder Aluminum dend . 
with ordinary soft solders Soldering Flux 


Packed in tins Safer... Surer... Cleaner 
@Will not harden 
®@Non-acid . . . Doesn't stain 
ing techniques Self-cleaning ®Non-acid 
*Non-acid.. . For all silver sol- *Self-cleaning 
Self-cleaning dering in 1125° to : For soldering all 
A major break- 1700° F. heat range. stainless steel and “ 
through in alu- Dissolves all refrac- xX chrome, _includin: sven 
minum fabrication. tory and non-refrac- 300-400 Series, wit 
Use ordinary soft tory oxides . . 7 ordinary soft sol- 
solders . . . ordinary irons or torches. solder penetrates ders. Requires no 
Remarkable fluxing action achieves perfect completely into all areas, for maximum pre-cleaning. Acid- . 
bond of aluminum and solder making pos- strength without solder waste. Completely free formulation will not pit metals, leaves 
sible the fabrication of aluminum to alu- acid-free—will not pit or stain metals. Al- no stains. No buckling on even light gauge 
minum, copper, steel, stainless steel, gal- ways-ready paste form ... will not harden work. In liquid or paste form. 
vanized iron, brass, etc. or crystallize. 


Write for sample, or Write for sample, or for 


iar LAKE Chemical Co. ff LAKE Chemical Co. jy LAKE Chemical Co. 


3079 W. Carroll Ave., 3079 W. Carroll Ave., 1A-CO 3079 W. Carroll Ave., 
Chicago 12, Ill. Chicago 12, Ill. Chicago 12, Ill. 
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ima 
LA-CO LA-CO LA-CO 
SRANS 


15 Day FREE Trial 


Guarantees Satisfaction 


KOCOUR ELECTRONIC 
THICKNESS TESTER 
L 955 


Model 955 determines the thi. 
decorative and hea oe. 
silver, tin, cadmium zinc, brass, copper 
— Ses, “ other metallic deposits 
ious 
accurate .. 


R COMPANY 


S. ST. Lo 
CHICAGO 32, 
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Kocou 


WOOD SCREWS 


Star Stainiess 
s have 


CLifford6-2300°T WX :LTFSNJ-1382 


Direct N.Y.'phone Wisconsin 7-6310 
Direct Phila. ‘phone WAlinut 5-3660 


RESISTANT 
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All that ‘Quality’ 
and ‘Service’ imply 
are yours with: 


PRODUCTS 
OF 
TECHNIC 
RESEARCH 
for Precious 


Metal Plating 


OROTHERM HT 
Heat resistant 24Kt Acid Bright Gold, extremely 
low porosity, hard and ductile 


OROSENE 399 
24Kt Acid Bright Gold, tight grain, superior throw- 
ing and leveling power 


HG BRIGHT GOLD 
23+Kt Low Stress, Hard and Bright operates at 
room temperature, without free cyanide 


INDUSTRIAL 24Kt GOLD 
Ultra Pure Aqueous Potassium Gold Cyanide for 
soft stressless pure gold electroplates 


RHODIUM SULPHATE T. P. 
For High Purity, Low Stress fine grain Rhodium 
electroplating 


PLATINUM N 
A Superior Platinum concentrate for better plating 


PALLADIUM R. T. 
A highly efficient soluble Palladium for plating 
at room temperature 


RHENIUM-T 
Available for experimental plating 


PROTECTOX 
Provides anti-tarnish protection for gold, 
silver, and copper 


TECH TIN 
Immersion Tinning at room temperature 


TECHOSOL 25 
Anionic detergent for free rinsing and 
cleaning 


POTASSIUM GOLD CYANIDE 

Quality controlled and custom packaged 
to suit your requirements 

INDIUM GOLD 

ANTIMONY GOLD 


GALLIUM GOLD 
For semi-conductor plating 


Information on these products, 
or on any problem involving the 
electrodeposition of precious 
metals, are available without 
obligation. 


Write, wire, phone or TWX. 


$T1-6100 


Technic_ 


O.Box 965 
Providence 1 R.I. 


Chic Office 
7001 North Clark Street 


of 


Our products are now distributed by 


ENTHONE unc. 


442 ELM STREET NEW HAVEN,CONN. 
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A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min- 
imum — 36% 


maximum 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 

Only finish oper- 

ations required 
are reaming small 

dia. of counter- =! 
bored hole and 1 
drilling and tap- 
ping for set screw. 


© Research Seven styles. ..chest capacities 
© Storage from 1.5 to 6 cu. ft. Uprights 
© Seasoning © up to 22 cu. ft. Temperatures 


to —140° are controllable 
within 1°, Immediate delivery. 

For FREE folder, “Selecting 
a Low Temperature Cabinet,” 
write Revco, Dept. MP-100. 


Industrial Products Ow 


Deertieid. Michigan 


Setting Trends in Refrigeration Since 1938 


Circle 12 on Page 48-B 
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WRITE, WIRE or PHONE new 1960 

| Today ULTRA-LOW TEMPERATURE CABINETS 

Y 2 wr SOCKET, SET & CAP | 
TEMPERATURES 

aur TYPES OF ett gcrt 

647 Union Bivé.. Paterson | 

CORKusiuN 

ae 

= 


UNIFORM HEAT 


throughout the work space 


30 STANDARD 
CABINET 
MODELS 


Model HB Electric or 
Gas Cabinet Oven 


. a with © Work space from 4.6 to 72.3 cu. ft. 
have perfect precision machined G ETIC iS @ Temp. ranges from 100 to 1250° F. 
MA N ANALYS eve @ Electronic combustion devices for gas models 
@ TENSILKUT precision machines all foil, film, sheet @ Indicating control instrument 
and plate metals . . . from .0005” foil to .500” plate. Hard @ Factory tested 
Other ovens from $121.50 up; laboratory, bench 
in 500” plate, are machined with speci figy MULTI-METHOD EQUIPMENT walk-in and custom built models. 
tions accurate to + 000S". Machined edges are com- Write for its 
Electronic equipment for non-destructive 
s table and floor models are available with production inspection of steel bars, wire Specialists in Heat Process Equipment 
SIEBURG INDUSTRIES mconrosano and variations in composition and physical GRIEVE HENDRY CO. In 
Danbury Industrial Park, Danbury, Connecticut properties. Average inspection speed — 120 1339 WN. Elston Ave. Chicago 22, til. 
Circle 11 on Page 48-8 ft. per minute. Circle 21 on Page 48-8 


HARDNESS TESTING MULTI & 
SHORE SCLEROSCOPE | | | | | | Wilson “Rockwell” 
Pioneer American wire, i” to 3” dia. at test speeds from 200 TWINTESTER 
Standard Since A. 
1907 surface and subsurface flaws, or variations 
in mechanical, physical, and metallurgical 


P : properties. The single frequency unit offers ' 
Available in Model C-2 one inspection method to indicate flaws only. 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 


Rockwell C Hardness WIRE ROPE EQUIPMENT 

Numbers. May be used Electronic equipment for inspecting ferro- 

freehand or mounted on magnetic wire ropes from 1/32” to 3” 

bench clamp. diameter. Detects broken, cross-over or 
missing wires, plus defective welds and 
deformations at production speeds up to 

OVER 40,000 several hundred feet per minute. 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. COMPARATORS AND METAL TESTERS 


Electronic instruments for production sorting 


of both ferrous and non-ferrous materials ee ” 
and parts for variation in composition, 


a and thickness of sheet and on B, C, N, T and other l 
e Easy to operate—change from 
“Rockwell” to “Rockwell” super- 


ficial testing in seconds 


Circle 10 on Page 48-8 


the QUENZINE STORY DEMAGNETIZERS e Large direct-reading dial with 
Low priced, more readily available zero scales 
Steels can often replace alloy steels when Electrical equipment for rapid and efficient = ast 5 en for all 
quenched in Beacon demagnetizing of steel bars and tubing. ¢ Complete equipment includes 
Quenching Oils — When used with Magnetic Analysis Multi- cowl, ball penetrator for B and 
Method Equipment, inspection and demag- T scale, “Rockwell” test blocks, 
this new additive and netizing can be done in a single operation. anvils, dust cover, and protective 


other Beacon Brand sleeve set 
Neat Frosting Complete line of accessories 


pounds wri “ee 
available 
MAGNETISM DETECTORS 
Welle wo Dept. DU. Ask for Bulletin TT-59 
inexpensive pocket meters for indicating 


residual Magnetism in ferrous materials WILSON “ROCKWELL” 
ALDRIDGE | dake 

INDUSTRIAL OILS, Inc. chain cone 
Company, Inc. 


230-F Park Avenue, New York 17, N.Y. == 
Circle 45 on Page 48-B 


3401 W. 140th St., Cleveland 11, Ohie 


Circle 29 on Page 48-B 
Circle 7 on Page 46-B 
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Cleanliness Testee DO YOU KNOW... 
ina few seconds; 
gives a precise quantts HOW 
tive determination of clean: 


on a scale 1900. CLEA N 


evaluate cleaning materials MORE REASONS 
ghd techniques; determine >. GL EA N? 
Gleanability of various YOU 


bixco 


Circle 33 on Page 48-B FABRICATED 
HEAT-TREAT 
low maintenance cost on BASKETS 


GARDEN CITY FANS MORE OPEN AREA 


Our unique fooped wire liner (with 
Write for bulletins on |. Slotted openings) affords 30% to 
RF Th ons 100% greater open area than conven- 
normat-Alre Fons ‘ ‘ tional liners. Faster heats, greater circu- 
High temperature fans for recirculation, ex- lation of atmospheres and more uniform 
haust, induced draft. Handle hot air or gases quenches are a direct result 
to 2000°F. Bulletin-RF 589-H. 
RF industrial Fans 
For ventilating, exhausting corrosive fumes 
and vapors, for dust control. For material 
handling. Bulletin 589-1. 
REPRESENTATIVES IN LEADING CITIES 


GARDENCITY 
Ask us about Garden ¢ bad 2 


LESS WEIGHT 


In the Economy 6 Series with built- 
in liner and round rod framing, total 
basket weight is kept to an absolute min- 
imum without sacrificing high strength. 


3 TRUE ECONOMY 


City’s Custom-Built 
‘ans 


Circle 57 on Page 48-B 


TEST Our many exclusive features bring 

basket maintenance and furnace 

HIGH-LOW How to Cut operating costs DOWN. Bixco baskets per- 
ELONGATION WIRE MATERIALS form better because they are made better. 


features of the Scott Model CRE Electronic Buy low-cost Eclipse pressed (not 
Tester. You get ultra-high accuracy of iner- welded) steel pots . . . and replace 
tialess electronic weighing . . . plus effortless, them on a regular schedule. 
error-free, push-button testing of wire prod- T Ree talebel cont Besides fabricating in all standard met- 
ucts at amazingly low cost! Stress-strain Eliminati f fail als we also produce baskets of Molyb- 
information “picturized” on strip chart. 2 Elimination of fai — denum. Special designs and applications 
Ample magnification for detailed analyses of 3 Faster, more even heating are available on request. 

wire, insulation sheath, cable components. 4 Quantity discounts earned on F let 
Interchangeable test capacities to 1000 Ibs. your total purchases in any ~ complete 
For facts on Model CRE Tester, write 12 month period. information 
*cott Testers, Inc., 187 Blackstone St., Prov., Guaranteed free from defects. Write: write: 

R. lL. Tel: DExter 1-5650 (Area Code 401). Eclipse Fuel Engineering Company 


VERSATILITY AND ECONOMY are key Pot Costs: 4 SPACE AGE ENGINEERING 


Meeting the demands for better 
baskets is a Bix Company specialty. 


1127 Buchanan St., Rockford, Ill. 


SCOTT 
TESTERS eclipse COMPANY 


THE SURE TEST...sCcOTT! FAIRGROUNDS ROAD 
WELLINGTON, OHIO 
Circle 58 on Page 48-B Circle 27 on Page 48-B Circle 25 on Page 48-B 
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Better Steel Faster with ASEA Induction Stirrers 


Moving metal improves contact and accelerates reactions. In are-furnaces movements ob- 
tained by indestructible, temperature-independent, travelling electro-magnetic fields pro- 
duce; @ greater homogeneity M® uniform temperature control ™@ decreased melting time 
@ increased productivity ® effective slagging ™@ improved operating conditions. For de- 
gassing stirrers on large evacuated ladles lift metal from hydraulic pressure at bottom to 
surface vacuum, quickly freeing and removing absorbed gasses. ELECTRICAL CONDUCTIVITY 
being the decisive factor, stirring is possible in large reverbatory melting furnaces for 
aluminum and copper, improving heat transfer, charging, ete. Write today for literature. 


500 Fifth Ave., New York 36, N. Y. 
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Fatigue From Impact 


Digest of “Investigation of 
Fatigue Under Repeated Im- 
act”, by N. N. Davidenkov and 
. I. Belyaeva, Metallovedenie 
i Obrabotka Metallov, November 
1956, No. 11, p. 4-10; Brutcher 
Translation No. 4719. 


PREVIOUS WORK, the endurance 

limit under repeated impact has 
been expressed in terms of the 
energy per blow, and not in terms of 
stress. Here, the results from rotat- 
ing beam tests have been compared 
with results from repeated impact 
tests in which the stresses were 
measured by strain gages. 

Five alloy steels (with various 
heat treatments) were tested, the 
tensile strengths ranging from 
90,000 to 290,000 psi. Conventional 
fatigue tests were made in a 
Schenck-type machine at 3000 rpm. 
on 0.22 in. diameter specimens. 
Repeated impact tests were made in 
an Amsler-type machine (modified 
to produce pure bending) on 0.4 in. 
diameter specimens. The specimen 
was rotated 180° after each impact, 
and there were five double impacts 
per second. The duration of each 


impact was about 0.001 sec., 
whereas the time for a half cycle in 
the Schenck machine was 0.01 sec. 
Hence, in the repeated impact test 
the deformation rate was roughly 
ten times as great. 

In view of the time involved in 
the impact testing, comparisons be- 
tween the results of the two types of 
test were made on the basis of 
100,000 reversals only. The respec- 
tive fatigue strength values at this 
endurance were determined from the 
best-fitting straight lines, obtained by 
the least squares method. The ratio 
of the impact fatigue strength to the 
conventional fatigue strength was 
determined in each case, and was 
designated the “dynamic coefficient.” 

Though such “dynamic coeffi- 
cients” were all close to one (unity), 
certain trends were observed cor- 
responding to the various structures 
produced by the different heat treat- 
ments. In the annealed condition, 
two steels gave values of 1.14 and 
1.19, respectively. After normaliz- 
ing or tempering at 580 to 600° C. 
(1070 to 1110° F.), the coefficients 
for six steels were in the range 0.97 
to 1.01 (in one instance 1.04), indi- 


cating the almost complete absence 
of any effect of deformation rate. 
Medium tempering at 400 to 420° C. 
(750 to 780° F.) gave coefficients of 
0.90 and 0.91 for two steels, and 
tempering at 190 to 200° C. (370 
to 390° F.) gave values in the range 
0.80 to 0.91 for five steels. 

Various explanations of these re- 
sults are put forward. One sugges- 
tion is that, with increasing strain 
rate, the carbide precipitation is 
retarded and its contribution to the 
over-all hardening effect reduced. 
This would act to lower the dynamic 
coefficient of the low-tempered 
steels, but would not affect the an- 
nealed steels. 

Another possibility is the size 
effect, since the impact specimens 
were nearly twice the diameter of 
the rotating beam specimens. Earlier 
workers have shown that the more 
notch sensitive materials are less 
susceptible to size effect. In other 
words, the effect should be less, in 
low-tempered steels. Mirkin and 
Tsypkina (Vestnik Mashinostroe- 
niya, No. 1, 1955) gave evidence to 
the contrary in a series of tests on 
martensitic and sorbitic steels with 


General Electric 


for production heat treating, 
tool rooms, heat treat departments, 
laboratories, and pilot operations 


NEW Box Fu INACES from General Electric offer ex- ~~ 
cellent temperature distribution and operating economy. 
Modern materials, design concepts and manufacturing meth- 


ods make these your best furnace buy. The completely 
new box furnace design is available with either ribbon or 
silicon carbide resistors. These attractive furnaces can han- 
dle numerous heating processes and production jobs: heating 
for hardening by quenching, forging, annealing, normalizing, 
firing ceramics, and pack carburizing. Plus, the furnaces can 
process a wide range of work sizes and shapes. Air atmos- 
phere and most common protective atmospheres also can 


be employed. 


Circle 2025 on Page 48-8 


Ask your General Electric Sales Engineer 
for complete data on G-E Box Furnaces. 
Write for bulletin GED-4179; General 
Electric Company, Schenectady 5, N. Y. 

756-04 


Progress /s Our Most Important Product 
GENERAL ELECTRIC 
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For the best in 
pressure Spray 
washing 


ask Oakite 


OVER 50 YEARS CLEANING EXPERIENCE + OVER 250 FIELD SERVICE MEN « OVER 160 MATERIALS 


Even the highest spray washer pressures 
won't foam Oakite 161 alkaline detergent 


Turn on the highest pressures to speed cleaning 
—you won't get any foaming problems with 
Oakite 161. Nor any etching problems, either. 
This alkaline detergent is specially designed for 
safe pressure spray washing of any metal— 
aluminum, white metals, brass, steel. 

And it does a thorough job. Oakite 161 blasts 
off identification inks, grease, oil and shop soils 
... gives a completely clean surface for inspec- 
tion or final finishing. Costly? Not at all. Extra 
long solution life and low concentrations assure 
low per-unit production costs. 

One of a complete line of Oakite products 


for spray washers, Oakite 161 is complemented 


by heavy-duty solvent cleaners, moderate to 
light-duty alkaline materials. Ask the Oakite 
man to help you make the choice that’s right 
for your washer . . . right for your products. Or 
send for Bulletin F-9773. Oakite Products, Inc., 
26 Rector Street, New York 6, N. Y. 


it PAYS to ask Oakite 
OAKITE. 
over Est. 1909 
years’ leadership in industrial cleaning 
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a size ratio of just over two. In the 
martensitic condition, the size factor 
was 10 to 14% greater, and this 
result is comparable to the differ- 
ence observed in the present inves- 
tigation. Hence, the behavior of the 
low-tempered steels could be ac- 
counted for by the size effect. How- 
ever, for the annealed steels the 
larger specimen gave higher results, 
which is incompatible with any pre- 
vious work on size effect. 

Mirkin and Tsypkina also reported 
a large variation in the microhard- 
ness of the low-tempered steel (35 
to 55%), as compared with 7 to 
15% for the high-tempered condi- 
tion. If it is considered that the mag- 
nitude of the size effect is associated 
with the degree of heterogeneity of 
the material, their observed differ- 
ences in size effect for the two condi- 
tions are explained. 

In the present tests, the micro- 
hardness was measured on one steel 
only, and was found to vary by 9 to 
10% for the low-tempered condition, 
16% for the medium-tempered con- 
dition, and 20% for the high- 
tempered condition. This evidence, 
again, seems to discount the theory 
that the trends observed in the 
dynamic coefficient are due to size 
effect. 

The authors conclude that while 
the variations in the dynamic coeffi- 
cient with the different heat treat- 
ments can be explained on the basis 
of the reduction in carbide precipi- 
tation hardening at high deforma- 
tion rates, the possible influence of 
size is not fully resolved; and further 
studies are desirable with specimens 
of the same diameter. 

R. C. A. Tuurston 


Effect of Boron on 
“Weld Decay” 


Digest of “The Influence of 
Boron on the Nature of Carbide 
Separation in Austenitic Steels 


During Tempering”, by V 
Levitin, Fizika Metallov i Metal- 
lovedeniye, Vol. 7, 1959, p. 308. 


U IS WELL KNOWN that commercial 

steels of the 18 Cr, 8 Ni variety, 
containing about 0.06% carbon, even 
when locally heated as alongside a 
weld will lose their resistance to 
strong acids in that region, corrosion 


penetrating the metal along the 
austenitic grain boundaries. The 
explanation is that during such 
heating a chromium-rich carbide 
precipitates from solid solution, 
robbing the adjacent region of the 
chromium which confers corrosion 
resistance to the body of the metal. 
The steels Cr-Mn-Ni used in Europe, 
wherein manganese replaces a con- 
siderable portion of the other two 
alloying elements, are subject to the 
same disease. This publication de- 
scribes briefly some experiments 
wherein small batches of the Cr-Mn- 
Ni steel were melted in an induction 
furnace, various amounts of boron 
added, cast and forged into rods. 
Susceptibility to intergranular cor- 
rosion after quenching from 1 hr. 
at 1740 to 2280° F. (950 to 1250° 
C.), and tempered 2 hr. at 1200° F. 
(650° C.) was appraised by metal- 
lography, boiling acid corrosion test, 
increase in electrical resistivity, and 
loss of metallic ring when struck. 

Boron-free steels and those con- 
taining 0.002% boron possessed a 
continuous chain of carbides along 
grain boundaries after the temper- 
ing. In heats containing 0.004 to 
0.010% boron, the carbide phase 
separates in fragments; considerable 
portions of the grain boundaries 
appear uncontaminated. Annealing 
temperature also seemed to have 
some influence: those samples 
quenched from the 1965 to 2100° F. 
(1075 to 1150° C.) range had iso- 
lated carbide particles, and those 
samples quenched from other tem- 
peratures in the experimental range 
had continuous carbide networks no 
matter what the boron content. 
Boron apparently prevents carbide 
formation in low-carbon steels — at 
least particles visible under an opti- 
cal microscope. 

The author quotes another Rus- 
sian’s theory that the atomic radius 
of boron, being less than that of 
atoms forming a substitutional solid 
solution in these austenitic alloys, 
and greater than that of the intersti- 
tial atoms, will locate itself prefer- 
entially at the surface of the grains 
(the austenitic grain boundaries). 
Therefore boron-rich boundary is less 
distorted than a lattice which is 
boron-free. Theory has it that car- 
bon would diffuse in a region con- 
taining the optimum amount of 
boron at a lower rate than in one 
which has no boron. 


THE 


COOLANTS FOR 
METALWORKING 


HYDRAULIC FLUIDS 
AND PACKINGS 
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CLEANERS 


RUST 
\ PREVENTIVES 


QUENCHING OILS & 
HEAT TREATING 
SALTS 


DRAWING 
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Photo by Etienne Bertrand Weill, Paris. 
Perliton carburizing both in French metai plant. 


IT TAKES MORE THAN JUST GOOD 
SALT TO DO GOOD HEAT TREATING! 


Whether the parts are to be carburized, neutral 
hardened or mar-tempered, there is a Houghton 
heat treating salt expertly compounded to do 
the job. 


And back of this salt compounding “know- 
how”, there is an internationally recognized staff 
of heat treat technicians who are ready to give 
you “in-your-shop” help with your heat treating 
problems. 


It is this combination of uniform compounding 
and technical service that has led to the use of 
Houghton Salts on many of the nation’s missile 
parts heat treating processes. 


Next time you want heat treating help, call 
Houghton for practical help. E. F. Houghton & 
Co., 303 W. Lehigh Avenue, Philadelphia 33, Pa. 


Partne, in Produc \ 


Philadelphia, Pa. « Chicago, Ill. « Carrollton, Ga. Detroit, Mich. « San Francisco, Calif. « Toronto, Canada 
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Heat resistance plus high hot-strength are critical 
requirements in these heavily-loaded trays and 
fixtures, carrying truck gears through a carbu- 
rizing system. Trays and fixtures are Type HT* 


high-nickel alloy castings. This alloy is one of five 
whose high-nickel content—over 25‘7—gives them 
unequalled resistance to elevated temperatures and 
carburizing atmospheres. 


High-nickel alloy castings help 
solve the problem of thermal fatigue 


What's your problem with thermal 
fatigue? You can probably solve it, 
economically, by selecting from 
today’s high-nickel casting alloys. 
Their strength and ductility com- 
bined with a relatively low coefficient 
of thermal expansion result in high 
resistance to repeated thermal shocks. 
They’re delivering impressive service 
in heat treating, chemical processing 
and many other demanding appli- 
cations. 


In this versatile family of austenitic 
nickel-chromium-iron alloys, you’ll 
find useful strength and long life at 
temperatures from 1200 to 2300°F. 


194 


You'll find remarkable combinations 
of high tensile strengths, stress-to- 
rupture values, creep resistance. 
You'll find properties to withstand 
many oxidizing and reducing en- 
vironments, carburizing and nitrid- 
ing atmospheres. 


Special resistance to scaling, to 
thermal shock, stress-corrosion 
cracking or sigma phase embrittle- 
ment are among other useful proper- 


ties offered by alloys in this group. 


And there’s valuable design infor- 
mation — plus full data on these alloys 
—in the new 64-page booklet, “Heat 
Resistant Castings, Corrosion Resist- 
ant Castings ... Their Engineering 
Properties and Applications.” A copy 
is yours for the asking. 


*Alloy Casting Institute designatior 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street deo, New York 5, N.Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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K TENSILE STRENGTH 


RENE 
= 
é Alley 901 
£ 120,000 Alloy 1x 
7) 
100,000 | Alley Ls 
dependable allay) .... 3 
rate = A 
in use today = ee 
1200°- 1800°F me 


range 


foil down to .001 in thickness... and fine wire only 


In all ways, René 41 is a remarkable alloy. No other 
high-temperature alloy used in production today .0015 in diameter. 
equals its tensile strength. In other properties, too, For complete details, write for Technical bulletin 
René 41 is far ahead of the field. No. 86. ° 

Also important, this nickel-base, vacuum-melted ine 
alloy is easy to work with. It’s readily formable by a aca 
drawing, bending, spinning — welds to similar or 
dissimilar materials. 

Cannon-Muskegon offers René 41 in standard 
36"x 96” sheets .015” to .125” thick, in smaller sizes ia 
down to .010”, in bar stock up to 3” in diameter... VACUUM ALLG¥S 


CANNON-MUSKEGON CORPORATION 


2879 Lincoln Avenue * Muskegon, Michigan 
METALLURGICAL SPECIALISTS 
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PRECISE TUBING HELPS HANDLE HOT STUFF 


Juggling radioactive materials takes a pair of sure hands—sure mechanical hands. Mal- 
functions cannot be tolerated. All components must adhere to rigid specifications and 
operate together perfectly. A good application for precise tubing. 

We make stainless steel and nickel tubing in mechanical, aircraft, capillary and hypo- 
dermic grades in sizes up to 1 inch OD—plus an amazing variety of ‘‘specialties’’ such 
as super and “‘exotic’”’ alloys, glass-to-metal sealing alloys and clad metals. 

In addition, we produce a vast line of platinum products and chemicals that have been 
used by industry for over a century. 

We are unique because of our ability to work these metals to such tiny, precise forms. 
Bulletin No. 12 describes our tubular products—Catalog No. 5 describes our platinum 
products. Write for them. 


Tubular Products Division vy. BISHOP ae CoO. platinum works @ 70 KING STREET, MALVERN, PENNA. 


A JOHNSON MATTHEY ASSOCIATE “METALS FOR PRECISION AND PERFORMANCE” 
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THE LATEST WORD IN HEAT TREATING 
ACS AUTOMOTION' 


_and continuously, and are easily placed in any co tinuous 
of jatermittent production live. 


‘ Retort or Shaker Hearth .. . both deliver maximum 
efficiency and economy of any heat treating process 


Illustrated is AGF Model 240 Shaker Hearth with “in-line” 
Quench Tank No. 30 and AGF Conveyorized Tempering 
Furnace Model 242 and final quench tank .. . This AUTO- 
MOTION production line is capable of heat treating, under 
completely controlled and uniform atmosphere, up to 500 
Ibs. of small parts per hour. 


Send for details of models to meet your SPECIFIC needs. 
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AMERICAN GAS FURNACE CO. 
2 
1002 LAFAYETTE STREET 


Before You Buy or Specify— 


COMPARE 


Dig T 2 


ZINC ALUMINUM PLASTIC 


ASTM Xxiil ASTM $12B (DELRIN*) 
SAE 903 SAE 305 Delrin is o registered trade nome of 


TENSILE 41,000 
STRENGTH 


STRENGTH 


COEF. OF THERMAL 
EXPANSION PER °F” 


DIE CASTING *ZINC DIE CASTINGS HAVE BEEN TIME-PROVEN 


is the process... e After ten years of aging, the Tensile Strength of the Die Cast 
Zinc alloy is 35,000 p.s.i. and its Impact Strength is 41 ft.-lb. Because 
ZINC. the metal... of the newness of Delrin, its ability to retain mechanical properties is 


unknown. Data in table above pertaining to Delrin is from the manu- 


f m li 
B U N K E F H | L L ee abet ebete in mind—as a metal, Zinc has a hard sur- 


I face and is less subject to scratching than plastic. Furthermore, it can 
The Preferred Zinc be beautifully finished by plating. 


For proven durability, specify Zinc. 


BUNKER HILL 99.99+% ZINC 


Eastern Sales Agents: 

ST. JOSEPH LEAD CO. © 250 Park Avenue, New York 17, N. Y. 
Sales Office for the Pacific Coast 
a cae THE BUNKER HILL CO. © 660 Market St. © San Francisco, Colif. 
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THIS DRILL JIG | 
NOW MADE In" 


low Lo, — Air Hardening* 


TOOL and DIE STEEL 
Reduces Grinding and Machining Time 


LO-AIR, the tool and die steel that features 
easy machinability and least distortion in 
hardening, permitted up-grading of steel in 
this case—as reported by Mr. Joseph Carrera, 
Plant Superintendent of Quality Tool and Die 
Company, Hoboken, N.J.—because savings in 
time more than made up for the difference in 
material cost. 

The drill jig illustrated above required much 
less heat treating expense—and 25 hours less 
ig boring and jig grinding time with LO-AIR. 
if was formerly made of cold rolled machinery 


*U.S. Pat. No. 2,355,224 


steel, which had to be carburized to provide 
great in quen 
part. LO-AIR also solved these problems. — 
For complete data on this and other LO-AIR 
applications, write for Performance Report No. 
23. Also, we will — ou a copy of our 
12-page ‘LO-AIR brochure which contains full 
information on this time and money saving 
tool and die steel. Complete stocks available. 
Call our nearest warehouse or sales office for 
quick delivery. 


UNIVERSAL 


CYCLOPS 


STEEL CORPORATION 
EXECUTIVE OFFICES: BRIDGEVILLE, PA. 


+ 


+; 


TOOL STEELS * STAINLESS STEELS * HIGH TEMPERATURE METALS 
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Big jet aircraft make money only when they are in the air. 
Every minute they are earthbound is costly. You just can’t 
| kK 7 ni e n° take chances on failure of aircraft engines from fuel contami- 
= nation, or on failure of refueling equipment. That’s why those 
parts of Brodie BiRotor refueling meters and control valves 
helps keep that come in contact with the fuel are chemically plated with 
+ . KANIGEN nickel alloy. 
J et aireraf t where Brodie BiRotor meters have been used for controlling aircraft 
the money is refueling for many years, and their internal parts have been 
te in t h ea ir KANIGEN-coated ever since this highly accurate method of 
plating difficult or complicated surfaces was perfected. 
Do you have a corrosion or contamination problem? Is it a small 
part like the Brodie meter housing? Or is it a surface as large 
as the inside of a 20,000 gallon tank car? Whatever it is, there’s 
a way to solve your problems with KANIGEN chemical nickel 
plating. Write or phone the nearest General American office. 
It pays to plan with General American. 


KANIGEN DIVISION 


GENERAL AMERICAN TRANSPORTATION CORPORATION 
135 South LaSalle Street || 
Chicago 3, Illinois 


Offices in principal cities 
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evidence of 
an evolution 
in steel 


processing 


Here's a demonstration that 
sparked a revolution in steel 
processing. By slipping a 
piece of tissue paper through 
a model of an open coil we 
show how the gases get to the 
complete surface of the coil 
at once. This makes possible 
the exciting process of gas 
alloying by which carbon or 
nitrogen can be added or 
removed during the annealing 
operation. Called the most 
revolutionary advance in steel 
processing in our generation, 
its potential is unlimited. You 
can get complete data by call- 
ing in your Lee Wilson sales 
engineer or by writing direct. 


ENGINEERING 
COMPARY, INC. 


20005 LAKE ROAD © CLEVELAND 14 


#% ORIGINATORS AND LEADING PRODUCERS OF 
OPEN COIL AND SINGLE STACK FURNACES 
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At Kennecott’s new refinery... 'Win Heroult Electric Furnaces designed 


Copper cathodes are charged into the 13,500 KVA Heroult 90-ton electric arc furnace, one of two at Kennecott Refining’s new plant south of Baltimore. 
American Bridge also fabricated and erected the plant's structural framework. 


to keep 16,500-ton per month copper melt on schedule 


Kennecott Refining Corporation's electrolytic cop- 
per refinery near Baltimore is the country’s new- 
est—a showplace of efficiency. One reason: a pair 
of 90-ton Heroult electric arc furnaces, each rated 
at 40 tons per hour. 

Of nose-tilt design to facilitate launder pouring, 
they discharge a steady stream of molten copper 
(2150°) which is used in the horizontal casting of 
wire bars and the continuous casting of billets. 
One Heroult is on normal capacity operation while 
the other is a spare for use during relining, when 
the pre-heat furnace is down, or when additional 
production is required. 

Copper cathodes are preheated to about 1400°F 
and door charged into the Heroult arc furnace on 
a peel arm crane. The three-phase power input 
utilizing ultra-high speed mechanical positioning 
for three 20” electrodes with high-speed sensitive 
regulators maintains a constant arc above the cop- 
per bath for uniform temperature casting. 

The two 90-ton Heroult arc furnaces can be 
tilted 40° forward and 15° backward. They feature 
mechanically positioned masts and special water- 
cooled skew-back roof rings that introduce water 
flow at the critical roof juncture to prevent warp- 
age and burn out. 

Whatever your arc-melt problem there is a 
Heroult electric arc furnace design for you. We've 
made them from 3 tons to over 200 tons capacity, 
for both swing roof top charge or door charge 
operation. They can accommodate induction stir- 
ring equipment, and can be designed for duplex- 
ing arrangements. And every Heroult is designed 
for maintenance by your own crew. 

American Bridge has a complete electric fur- 
nace service that includes new installation, fur- 
nace modernization and part replacement. We’ll 
be happy to quote on your building needs, too. 


Call our nearest office. 
USS and Heroult are registered trademarks 


American Bridge 
Division of 
United States Steel 


General Offices: 525 William Penn Place, Pittsburgh, Pa, Contracting Offices in New York, 
Philadelphia, Chicago, San Francisco, and other principal cities. 
United States Steel Export Company, New York 


This mark tells you a product is made of modern, dependable Steel. 
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KNOW YOUR ALLOY STEELS... 


This is one of a series of advertisements dealing with basic 
facts about alloy steels. Though much of the information is 
elementary, we believe it will be of interest to many who may 
find it useful to review fundamentals from time to time. 


Determining the Depth-Hardness of Alloy Steels 


The hardenability of an alloy steel is 
usually measured by the depth to 
which the steel will harden under 
specific conditions of heating and 
cooling. One of the most conclusive 
methods of determining depth hard- 
ness is the end-quench hardenability 
test (ASTM A255). In essence, this 
test is as follows: 

A 1-in. round specimen, approxi- 
mately 4 in. long, is heated uni- 
formly to the proper quenching 
temperature. The specimen is re- 
moved from the furnace and placed 
in a bracket; then a jet of water at 
room temperature is played on the 
bottom face of the specimen without 
touching the sides. This water jet is 
kept active until the entire speci- 
men has cooled. Longitudinal flat 
areas are ground on opposite sides 
of the piece, and Rockwell C 
readings are taken at 1/16-in. inter- 
vals. The resulting data are plotted 
on graph paper, with the Rockwell 
C values as ordinates and distances 
from the quenched end as abscissae. 

Experiments have shown that the 
points on the hardenability curve 
approximate the cooling rates at the 


centers of quenched rounds of vari- 


ous sizes; and that the hardness 
values at the centers of these rounds 
will correspond very closely with 
those shown at points on the end- 
quench hardenability curve. 

In general it may be said that when 
end-quench curves for different steels 
approximately coincide, these steels 
can be treated similarly for equiva- 
lent tensile properties in sections of 
the same size. 

A study of hardenability curves 
reveals that depth-hardness depends 
upon the amount of carbon present, 
the alloy content, and the grain 
size. Manganese, chromium, and 
molybdenum are the chief elements 
that promote depth-hardness, while 
nickel and silicon help to a lesser 
degree. It should be noted, also, that 
phosphorus promotes depth-hard- 
ness, while sulphur has a negative 
effect. In normal low-phosphorus 
and low-sulphur steels, the two 


elements neutralize each other. 


| This series of alloy steel advertise- 

| ments 1s now available as a compact 
booklet, “Quick Facts about Alloy | 
Steels.’’ If you would like a free copy, 
please address your request to Publi- 
cations Department, Bethlehem Steel 
Company, Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


Export Sales: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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SUSTAINED HIGH 


TEMPERATURES 
...in normally oxidizing | KANTHAL SUPER 


atmospheres 
ELEMENT 
FURNACES 


Left: Kanthal Super Elements, around 
an impervious Mullite tube provides 
a 12” long hot zone. Vertical-lift 
loading column is counterbalanced. 
A saturable reactor system and in- 
strumentation are mounted in a sep- 
Above: Self contained, with furnace and control erate panel. 
panel in a common base, this FGKS Series Unit ) ; Below: This FGKS Series Box Type 
is readily movable on ball-bearing pneumatic- a ’ Pereco Unit, incorporating Kanthal 
10” h. Door has adjustable stops. Saturable re- : : purpose uses in normally oxiding 
actor package includes current limiting device. we. ss or controlled atmospheres. Chamber 
Temperature uniformity of =5°F. is readily ob- : Wags a, size is 12” w. x 842” d. x 6” h. Door 
tainable. ode OF, is counterbalanced. All controls in a 
matching steel panel. 


If your work calls for long periods of heat treating metal or ce- 
ramics at sustained temperatures up to 2900° F., Pereco Kanthal 
Super Element Furnaces offer you extra efficiency and operating 
economies. The elements do not increase in electrical resistance, 
thus permitting utilization of both old and new elements without 
adversely affecting thermal gradient or efficiency. Although maxi- 
mum element life is obtained in normally oxidizing atmospheres 
they may also be used under neutral or reducing conditions. Other 
design features of these units provide for precise temperature con- 
trol, uniform heating, flexible cycling, cleanliness, and maximum 
service life. 

Pereco Kanthal Super Element Furnaces are built in a wide 
range of sizes and types (standard or with modifications) to meet 
specific individual requirements. Consult us. 


Standard or Special Furnaces and Kilns For work requiring temperatures not 
from 500° F. to 5000° F. exceeding 2700° F., Pereco Silicon 


Write T Carbide Element Units are the pre- 
rite TODAY for get-acquainted bulletin 
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Selas single-well batch melting furnace accepts 30- or 50-lb pigs. 300 Ib/hr 
capacity. Design incorporates door at charge end and over dip-well. 


Aluminum with 99.6% minimum purity is required Selas double-well alumi- 
by the electric motor industry for die-casting of rotors. 

A leading manufacturer uses Selas dry-hearth melting metal; controls tempera- 
furnaces to meet this rigid specification for high purity tore within close limits. 
molten metal. The Selas Gradiation® method provides 
close control of heat input; roof-fired Duradiant® 
burners deliver fast, uniform heating and avoid flame 
impingement. Advanced design prevents transfer of 
silica from furnace refractory to molten aluminum. 


Other proven benefits include the following: 
Selas aluminum melting furnaces are available in a 

° Metal temperature in holding section is maintained wide range of capacities. At your convenience 
within close limits due to absence of any cold without cost or obligation to you . . a Selas field engi- 
charges. neer will welcome the opportunity to survey your needs. 
* Elimination of agitation and stirring keeps dross For this personal service, or for further information 
formation at absolute minimum. about these furnaces, address your request to Mr. R. E. 
¢ Operates with unusual fuel economy, continuously Buckholdt, Manager, Furnace Division, Selas Corpora- 
or intermittently, utilizing natural gas and air. tion of America, 311 Dreshertown Road, Dresher. Pa. 


* Metal “frozen” during week-end shutdown re-melts 
quickly, without damage to furnace. 


Gradiation and Duradiant are registered trade names of Selas Corporation of America 


ta 


DRESHER - PENNSYLVANIA 


HEAT AND FLUID PROCESSING ENGINEERS development - design + construction 
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lower 
your 
cost of 


possession 


2 Nickel Alloy Steels provide 


A simple plan 
to save money 
by Steel Standardization 


How many types of steel do you 
normally use? 


Chances are you should examine 
your needs for alloy steel to see how 
many can be satisfied with just two 
types, 4340 through-hardening and 
4620 carburizing. 


You are likely to find that most of 
your engineering requirements can 
be met with confidence when you 
standardize on these two general- 
purpose steels. 


‘fou simplify inventory and mate- 
rials-handling. You save money in 
purchasing and production, too. 


e 4340 stands alone among medium- 
carbon steels in its ability to provide 
maximum strength, ductility, tough- 
ness and resistance to fatigue in 
parts of medium to heavy section. 


VIN 
INC THE INTERNATIONAL NICKEL COMPANY, INC. 
ev 67 Wall Street, New York 5, N. Y. Ne 


INSTITUTE 


TRADE MARK 


NOVEMBER 1960 


e 4620 is a carburizing type that has 
consistently proved itself the ideal 
steel for a wide variety of carburized 
parts. 4620 is easy to carburize and 
has a minimum tendency toward dis- 
tortion in heat treatment. 


Available From Steel Service Centers 
Both 4340 and 4620 are stocked by 
Steel Service Centers from coast to 
coast, ready for off-the-shelf delivery 
in a variety of sizes. 

When you have carried your stand- 
ardization plan as far as you can and 
you still have specialized needs to fill, 
the right nickel steels are available to 
give you extra performance or even 
lower costs. 


For a buyer’s guide to Steel Service 
Centers that stock 4340 and 4620, and 
other nickel-containing grades, 
simply write Inco. 


ENTER] 
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Holding the Shippingport nuclear reac- 
tor’s top head to its shell section is a job 
performed by 42 studs of AISI 43840. 
This through-hardening nickel steel pro- 
vides essential strength and toughness. 


Power-packed tractor features unique 
drive mechanism composed of regular 
gear transmission, clutch and torque 
converter with lock-up, utilizes nickel 
alloy steels in more than 25 components. 


Swing shaft for giant power shovel made 
from 4340 nickel alloy steel for strength 
and toughness to take shock-loading in 
stride. This 9”-diameter, 36”-long shaft 
of 4340 nickel alloy steel transmits 
tremendous torque to a giant ring gear. 


Sustained accuracy is assured in this 
heavy-duty milling machine by spindle 
and gear components of AISI 4340 and 
4620 nickel alloy steels. They provide 
needed strength and wear resistance. 
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basic technical books are available 
from ASM at greatly reduced clearance prices 


RDER TODAY! 


[] Acid Electric Furnace Steel- 


Making Practice, 
81 p. Describes y P 

melting methods; charging ; nature of 
boil;; tapping; difficulties with low- 
carbon heats. $1.00 


[_] Alloy Constructional Steels, 
300 p. Data to help select steels for 
use in structures, machinery and 
equipment. $2.00 


[] Behavior of Metals at Low 


Temperatures, 

112 p. Covers behivior of single crys- 
tals and pure metals; influence of 
mechanical and nietallurgical 


Boron Steel, 
111 p. Proves practicability of using 
boron in place of expensive alloys. 


Cast Bronze, 
448 p. A practical approach to the 
technology and engineering of bronze 
founding. $3.00 


[_] Casting of Brass and Bronze, 
185 p. A well-known foundryman’s 
comments on melting, pouring, molds, 
mold dressings, deoxidizers. $1.75 


[_] Controlled Atmospheres, 
232 p. Chemical equilibrium as a 
guide in the prevention of oxidation 
of ferrous and nonferrous — 


[_] Copper and Copper Alloys, 
175 p. Fundamentals, including recov- 
ery; reduction; engineering proper- 
ties of commercial copper alloys. $2.00 


[_] Corrosion of Metals, 
181 p. Principal problems involved in 
corrosion of metals and 
contributing toward control. $1.50 


Ductile Chromium, 
376 p. Reports on developments of 
chromium with good bend ductility at 
normal temperatures. $4.25 


[_] Fracturing of Metals, 
311 p. Fracture phenomena ; effects of 
section size; fracturing of low-carbon 
steel; measurements for combined 
stress experiments. $2.50 


Use this entire page as your order form by tearing i 
in your name and address. Mail to American Society for 


Name _ 


[_] Grain Control in Industrial Met- 


allurgy, 

279 p. Fundamentals of recrystalliza- 
tion and grain growth in ferrous, 
copper, aluminum and magnesium al- 
loys. $2.50 


[_] Heat Flow in Metals, 
144 p. Heat conduction and heat flow 
in the steady state; includes tables 
on heat flow. $1.00 


[] High Temperature Properties 


of Metals, 

176 p. Stress-rupture testing; high- 
temperature fatigue testing; high- 
temperature oxidation testing. $2.00 


[_] Induction Heating, 
172 p. Ineludes surface hardening, 
through hardening and through heat- 
ing. $1.50 


[_] Interpretation of Tests and Cor- 


relation with Service, 

198 p. Analyzes correlations and dis- 
crepancies between service perform- 
ance and mechanical and wear tests 
and corrosion resistance, $2.00 


(_] Machining of Metals, 
177 p. Experts report on machining 
wrought and cast alloys, tool steels, 
and nonferrous metals. $1.50 


Magnesium, 
266 p. Extraction; structural design : 
castings; wrought alloys; corrosion 
and protection. $1.75 


[_} Mechanical Wear, 
387 p. Discussed ably and with un- 
derstanding by American, British and 
Dutch experts. $3.25 


[_] Metal Interfaces, 
335 p. Describes the advances of last 
several years in one of most im- 
portant branches of physical metal- 
lurgy. $3.00 

[_] Metallurgy and Magnetism, 
156 p. Magnetic theory and defini- 
tions; magnetic materials; factors 
affecting magnetic properties. $2.00 

[_] Nonmetallic Inclusions in Steel, 
130 p. Nature and origin of common 
types of nonmetallic inelusions ; meth- 
ods of prevention and elimination. 


out, checking 
Metals, 


(_] Properties of Metals in Materi- 


als Engineering, 

170 p. Fundamental concepts, includ- 
ing application of fatigue data to 
machine design; stress in aircraft 
engines; design for energy absorp- 
tion. $2.00 


[_] Residual Stress Measurements, 
210 p. Effects of these stresses, their 
measurement, relief and redistribu- 
tion. $2.00 


(_] Sleeve Bearing Metals, 
256 p. Veritable encyclopedia on se- 
lection and properties, applications. 
$2.50 


[_] The Story of Magnesium, 
258 p. A non-technical account of 
production, fabrication and uses. $1.50 


(_] Structures and Properties of 
Mild Steel, 


222 p. Influence of elements; me- 
chanical properties; age hardening: 
strain hardening; cold rolling and 
annealing. 


(_] Structure of Cast Iron, 
154 p. Primary structure and graph- 
itization; influence of cooling rate: 
undercooling ; inoculation. $1.50 


(] Talks about Steelmaking, 
236 p. Enjoyable historical commen- 
tary by the inventor of stainless 
steel. $1.50 


Utilization 
Alloys, 
320 p. General principles; engineer- 
ing practice in design and selection of 
materials ; fabrication. $3.00 


(_] What Steel Shall | Use?, 
213 p. Details the approach on how to 
answer this question. $2.00 


Zirconium, 
354 p. Comprehensive, from ore dress- 
ing to fabrication and final uses. 
$5.00 


of Heat-Resistant 


the books you want, filling 
Metals Park, Novelty, Ohio 


Check enclosed 


[_} Bill me later 
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TRADE MARK 


New Peal larionat Carbon Brick—Grade NMA 


ANTHRACITE BASE GRADE NMA BRICK IS 
FAR SUPERIOR TO CONVENTIONAL REFRACTORIES! 


This outstanding refractory material is especially designed for Blast Furnace Linings. 


Grade NMA brick offers: 

@ LOW PERMEABILITY — 100 times less than convention- Please send details 
ally produced anthracite carbon brick. ‘ 

@ INCREASED DENSITY — 6% higher than conventionally on Grade NMA brick. 
produced anthracite carbon brick. 

@ HIGH THERMAL CONDUCTIVITY — 7 times better Name 
than ceramics. 

@ DIMENSIONAL STABILITY AT ELEVATED Position 
TEMPERATURES — retains dimension to 5000°F. 

@ RESISTS ALKALI ATTACK — characteristic of NMA Company 
processing. Street 

@ UNIFORM HEAT TRANSFER RATE — maintains same 
rate throughout lining life. State 

Grade NMA brick is available from 442” x 2%” cross section 


to 9” x 44” cross section in up to 18” lengths. 


vations” and “umon carne ae | NATIONAL CARBON COMPANY 


registered trade-marks for products of Division of Union Carbide Corporation - 270 Park Avenue, New York 17, New York 
IN CANADA: Union Carbide Canada Limited, Toronto 


UNION 
CARBIDE 
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Comparative tests help determine SUSTAINED LOAD TESTS 


Deformation After 
100 Hr., % 
oad Temperature, Deg. A 
HOT STRENGTH | | 2192 2462 2732 
Fireclay 

Studies of hot strength — or the ability me 
to stand up under load at elevated tem- Semi-silica 
peratures—are a primary requirement 
in the selection and application of prac- 
tically all refractories. The need for 
accurate data becomes all the more im- 
portant as operations move to higher 
and higher temperatures, or where long 
periods of soaking heats are involved. Alfrax® ‘“K"" brick 

Information available from Carbo- 
rundum includes compressive load tests, Monofrax® H brick 
covering short duration and sustained 
periods, to indicate load-carrying capac- Carbotran® brick 
ity. Transverse load tests also provide 
valuable information — particularly, 
for applications where large spans of 
refractory shapes are unsupported or 
must carry a heavy furnace charge. 

Engineering assistance can be given 
in evaluating the various factors affect- 
ing operation and in applying Carbo- 
rundum’s refractories to your job. 
Please feel free to ask any questions 
that may occur to you. 


High-alumina-fireclay 
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HIGH TEMPERATURE, SHORT DURATION LOAD TESTS Comparison of hot strength of various refractories 
held at 3128 F for 1% hrs under load of 25 psi 
Max. Expan. | Start % shows CARBOFRAX® silicon carbide brick unde- 
at Rapid Hold Temp. Linear formed (extreme left) and MULLFRAX® electric 
Temp. Contr} Max. Aver.| Cold Cold furnace mullite. brick (second from left) with 
Refractory oF oF oF Contr. Length less than 1.4% contraction. Other samples shown 
: are commonly-used refractories in various stages 
Mullite brick 2561-2795 | 2867 | 3137 3128) 14.3 7.75” of deformation. One on the right failed at 3002F . 
Mullfrax® W brick | 2552-2768 None | 3128 3119] 1.31] 8.943” 
Carbofrax® A brick] 2534-2714 | 3092 3146 3137| 0.78} 8.915” 
Chrome magnesia Write today for 
brick 2597-2741 | 2975| Crushed at 3002 “Sheared”’ your free copy of 
Fireclay brick 2642-2660 | 2732|Crushed at 3002 6.75” “Super Refractories 
Fireclay brick 2462 2561|Crushed at 2993 6.6” b Carb d ” 
High alumina brick| 2561-2624 | 2642| Squashed at 3011 6.7” ae 
Silica brick 2795-2903 | None| Crushed sharply at “Sheared”’ The address: Dept. 
2948 M-110, Refractories 
Magnesia brick | 2327 2507|Crushed at 2552 “heared” Division, Perth 
Amboy,NewJersey. 


For engineered refractories, count on CARBORUNDUM’ 
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OFF THE 
PRESS 


770 FACT-FILLED PAGES 
91 PHOTOS and DRAWINGS 
3 YEARS of EDITING 


COMPLETELY NEW SOURCE BOOK 


includes annotated 
bibliography 


reporting concisely on all 
writings about Indium 
properly indexed and sec- 
tionalized for reference. 


PRIVATELY 
PUBLISHED 


This new reference book on Indium will 
find its place in hundreds of university 
and technical libraries in many countries. 
It will be a worthy companion to re- 
search-minded engineers — everywhere! 


Write for information bulletin today. 


(23) SINCE 1934 pioneers in THE DEVELOPMENT 


AND APPLICATIONS OF INDIUM FOR INDUSTRY 


THE I N DI U M CORPORATION OF AMERICA 


1977 LINCOLN AVENUE 
UTICA, NEW YORK 
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NEW COMPANION VOLUME 
TO FAMED BASIC METALLURGY | 


This easy-to-read and practical book describes the 
equipment and its use for metallurgical operations. This 
is a prac guide to metallurgical equipment, test 
and techniques. 

Well- illustrated with 67 pictures, 17 pull-out data 
sheets and 37 charts and graphs, Basic Metallurgy II 
contains a comprehensive 8-page index for handy use 
plus 68 references to other authoritative sources. 


Table of Contents 


PURPOSE AND KINDS OF MICROSCOPIC INVESTIGATION 
TESTING PYROMETRY 

TENSION TESTING MACHINES HEAT TREATING EQUIPMENT 

HARDNESS TESTING PREPARED ATMOSPHERES POR 

OTHER MECHANICAL TESTS HEAT TREATMENT 

NONDESTRUCTIVE TESTING CORROSION TESTING 

MACROSCOPIC TESTING MISCELLANEOUS TESTING 


$10.00. ..232 Pgs. PLUS 17 Data Sheets...Red Cloth Binding 


ASM Technical and Engineering Book Information Service 
Metals Park, Novelty, Ohio 
Enclosed please find $....... 
Metallurgy, Volume 

Or: Bill me DD Bill Company 2 


for copy(s) of Basic 


Name 
Street & No 
City Zone... State 


Company 


NOVEMBER 1960 


Model NMR-12E non-metallic resistor Harrop furnace. Mechanical 
or hydraulic elevator. Shuttle hearth also available. 


Harrop electric atmosphere furnace is designed 
for precision testing and small parts production 


Here is a furnace that is adaptable to many uses, 
such as crystal growing and firing of ferrites, titanates 
and similar electronic ceramic parts. Instrumentation 
can be supplied for any firing requirement, both in 
respect to control and to control forms affecting the 
time-temperature-atmosphere relations. 

Harrop NMR Series elevator furnaces are available 
in two firing chamber sizes .. . 12” x 16” x 12” and 
20” x 26” x 20”. They fire rapidly to + 2° F. accuracy 
within their range of 2000° to 2700° F. Cooling can be 
quickly accomplished by an external sealed heat ex- 
changer to follow a program controller. 


Within the area of Harrop's broad 
scope and varied abilities, you 
may well find the solution to your 
problem relating to 
the controlled application of 
heat 
© the measurement of the effect 
of temperature 
To secure a prompt, objective eval- 
vation of Harrop's ability to help 
you .. . write Dr. Robert A. 
Schoenlaub, Director of Research, 
Harrop Precision Furnace Co., 3470 
East Fifth Avenue, Columbus 19, 
Ohio. 


Gas-fired Harrop furnace, GFHT Series, available in both 
floor and elevator types. Range of setting spoces from 8” 
dia. and 14” height to 36” dia. and 48” height. Standard 
temperature ronge to 3300° F., higher if desired. 


‘ HARROP PRECISION FURNACE CO. 


.m™ (formerly Harrop Electric Furnace Division) 
A Division of Harrop Ceramic Service Co. 
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LITHIUM-LEAD EUTECTIC 
SHOWS IMPROVED 
MECHANICAL PROPERTIES 


Small Addition of Lithium 
Makes Big Difference in Strength 
and Other Important Properties 


Lithium’s unusual alloying potential 
is demonstrated once again in lead- 
lithium alloys where small quantities 
of lithium enhance many of lead’s 
more useful properties. 

Lithium is only slightly soluble in 
lead and forms one practical eutectic 
at .69 weight per cent Li. Above one 
per cent Li, the alloys formed are too 
brittle and friable to be useful in any 
modern application. Several samples 
of the 99%-lead—1%-lithium material 
have been made up and tested. Some 
of the resulting comparative figures 
(see chart below) show definite im- 
provement offered by the alloy over 
commercial lead. 


Pb 99% 


| +) In —1% Li 


Ultimate tensile strength 
Tensile yield stress 800 psi 4330 psi 
Shear strength 1825 psi 3960 psi 
Elongation 47% 51% 
Reduction of area 100% } 74% 


2000 psi 5770 psi 


Other investigations show the stress 
rupture life of the eutectic to exceed 
1000 hours at room temperature and 
1000 psi load. The elongation was 
1.8%. Loadings of 2000 psi and over 
severely reduced the time factor. 

The hardness of the eutectic was re- 
ported as 15.0 compared to 4.5 for un- 
alloyed lead (diamond pyramid test). 

The eutectic is somewhat suscepti- 
ble to oxidization. A gain of 0.03% 
weight was recorded after 500 hours 
at 230°F. However, immersion tests 
over three-week periods showed no 
change at 70°F in water, styrene, or 
amyl benzene. 

Contact corrosion tests with 2024T 
aluminum, 1010 steel, brass, and 321 
stainless steel showed no attack on the 
contact metal after 3 weeks at normal 
temperature and humidity. The eutec- 
tic gained 1% weight in these tests. 

The eutectic has been shown to sup- 
press secondary gamma-ray produc- 
tion. 


LITHIUM CORPORATION OF AMERICA, 
500 FIFTH AVENUE « 


NEW YORK 36, N.Y. 


NFORMATION ON’ LITHIUM CHEMISTRY AND METALLURGY 


New Lithium G-3 Applicator 
Devised for Small Foundry Melts 


Foundry Tests Prove New Applicator Superior 


The successful lithium inoculation of cuprous melts requires deep submersion 
of the lithium cartridge. This is essential because the lithium, with a density 
which is but 144 that of copper, might otherwise rise to the surface and burn 
without combining effectively with the gas-forming elements in the melt. 

Lithium Corporation’s concern with the convenience and efficiency of intro- 
ducing lithium cartridges led to the development of the G-1 and G-2 multi-purpose 
applicators which were introduced last year. Finding widespread interest among 
foundrymen, these applicators are especially well-suited for inoculating large 
melts. 

Small foundry melts, however, particularly those of 200 pounds or less, require 
a more delicate approach. LCA has now developed the G-3 applicator specifically 
designed for use in small operations. 

The G-3 applicator is comprised of a two-foot-long, one-inch-diameter graphite 
rod. At the lower end is attached a two-inch-square, four-inch-long graphite block. 
The bottom face of the block is notched to receive one or more LCA lithium 
cartridges. The cartridges are secured in the notch by one or two wraps of copper 
wire. The upper end of the rod is fitted with standard pipe threads for the attach- 
ment of a handle or an ordinary pipe extension. 

The G-3 applicator has been foundry tested and proved to be superior to other 
models in quality and workmanship. 
Its lesser volume of higher quality 
graphite reduces heat absorption and 
resisis the tendency to burn when the 
rod is withdrawn from the melt. 


LITHIUM IN BRIEF 


Alloying and casting studies on Pb-Li 
eutectic also lists mechanical and corro- 
sion properties of the alloy. (1959) 

Mass transfer in liquid-lithium forced- 
convection loops studied and solution 
rate constants tabulated. (2499) Effects 
of radiation-generated helium and tri- 
tium on the properties of Al-Li and Mg- 
Li alloys have been reported. (2514) 


Clinical study discounts potential tox- 
icity of Li ion in human system. (2559) 


The properties of lithium ferrite mono- 
crystals with respect to magneto crystal- 
line anisotropy and ferromagnetic reso- 
nance are discussed in literature. (2993- 
2994) 


graphite rod 


The effect of molten metals on stressed 
solid metals with emphasis on the effect : 


by lithium has been reported. (3232) in 


graphite block 


The structural aging effect of aluminum- 
copper-lithium alloys, the mechanical 
properties of aluminum-lithium alloys. 
and the theta phase in magnesium- lithi- 
um-silver alloys are discussed in recent 


AIME publications. (3248. 3249. 3250) 


New LCA G-3 applicator 


INC. 


SESSEMER CITY, N.C. 


NEW YORK 36, N.Y. 
CHICAGO 1, ILL. © LOS ANGELES 36, CALIF. 
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One of a series 


Catching the Drift of Gyro Bearings 


The fantastic accuracies needed by inertial guidance systems for space 
flight depend on the suppression of gyro drift, the tendency of a gyro 
to precess from minutely occurring internal torques. Particularly 
puzzling has been the problem of “jogs,” or sudden axial shifts, within 
gyro spin-axis bearings. Shifts of but one ten-millionth of an inch can 


cause serious steering error. 


Specialists at the GM Research Laboratories have found that the real key 
to drift lies in the thickness and distribution patterns of bearing 
lubricating films. Only a tenth of a milligram of oil — equivalent in 
volume to less than two-thousandths of a drop of water — is required in 

a gyro bearing, but even this amount unevenly distributed may cause jogs. 


Conducting unique studies of single bearings apart from rotor 
assemblies, GM Researchers use a hydrostatic spindle and special 
instrumentation to take film-thickness measurements they compare 
with hydrodynamic theory. Jogs, due to excess oil supply, have been 
analyzed in relation to surface oil transfer and separator feed control, 
ball spin orientation, displacement, and differential heating and 

ball wander. 


This experimental and analytical approach is achieving progress toward 
jog-free, stably distributed, and suitably thick oil films required in 
high-precision bearings. It is a further example of the critical and 
advanced research General Motors carries out in seeking “more and better 
things for more people.” 


General Motors Research Laboratories 
Warren, Michigan 


The fluoresced streaks show the disturbed “wake” 
of the lubricating film during bearing operation. The 
active part of the film, too thin to fluoresce visibly, 
averages ten-millionths of an inch in thickness. 
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IMPORTANT DEVELOPMENTS 
in PRECISION METALLURGY from... 


ELECTROLYTIC 
POLISHER 


The most advanced method of 
preparing specimens for metal- 
lurgical microscopy permits vis- 
ual observation during etching 
process through a microscope. 


Saves precious time in the prep- 
aration of specimens under fully 
controlled conditions. Optimum 
surface finish is assured with no 
deformation of the surface layer. 
Power supply provides precise, 
continuously regulated voltage 
and electrolyte flow rate. Design 
protects user against contact 
with acids or live electrical 
parts. Microscope gives 210x 
magnification. Photomicrograph 
series can be taken during pol- 
ishing by use of miniature cam- 
era. 


large, research 
Metallographic 


NEOPHOT 


The Zeiss Neophot is an op- 
tical testing instrument of 
particularly high efficiency 
which combines sturdy vi- 
bration-free construction with 
infinite adaptability to the re- 
quirements of modern indus- 
trial research. 


Monocular or binocular visual 
observation standard equip- 
ment permits vertical and 
oblique photomicrographic 
work in bright field, polarized 
light or dark ground observa- 
tion . . . plus many exclusive 
features. 


ORIGINAL "? Complete descriptive literature and data to qualified respondents. 


ERCONA CORPORATION 


Scientific Instruments Division 


16 West 46th Street, New York 36, N.Y. 
1849°1960 In Canada: JENA SCIENTIFIC INSTRUMENTS LTD., 14587 Mackay Street, Montreal 25, Quebec 
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TubeXperience in Action 


Superior tubing makes pressures behave 


whether 125, 5000, 30,000 or 100,000 psi 


Superior small-diameter tubing makes pressures behave 
whether low, medium, high or super. Superior pressure tubing 
can be roughly divided into two groups: commercial pressure 
tubing for use in a range up to 20,000 psi; premium super 
pressure tubing to handle pressures from 15,000 to 100,000 
psi. Both ranges can be handled effectively by a number of 
different analyses, depending on service requirements. Typical 
applications for Superior general-purpose pressure tubing 
include pressure tools, machine tools, heat exchangers and 
condensers. Superior super-pressure tubing is found in hydro- 
genation process equipment, high-pressure autoclaves, and 
pilot plant installations in chemical and oil refining plants. 


All Superior pressure tubing offers many advantages. It helps 
prevent critical failures and downtime. It assures long service 
life, high fatigue strength, excellent corrosion and chemical 


resistance. In the range from 15,000 to 100,000 psi, Superior 
super-pressure tubing is a premium product. It is produced 
from specially selected raw materials. Inside surfaces are 
conditioned to remove fissures and other defects. During proc- 
essing, special degreasing operations are performed, and the 
inside diameters are conditioned to insure a clear, smooth 
surface. Two types are available: a single wall mechanical 
tubing and a double wall, or composite unit, made from two 
thinner tubes. It is produced in an annealed condition and in 
Ym hard temper, and to mechanical properties specified by 
the customer. All Superior pressure tubing is 100%, hydro- 
Statically tested to recommended working pressures, and 
rigidly inspected for defects. 


We can probably help you with any tubing problem that may 
confront you ... in pressure, super-pressure or other appli- 
cations. Contact us and feel no obligation. Superior Tube 
Company, 2008 Germantown Ave., Norristown, Pa. 


lide 


The big name in small tubing 


NORRISTOWN, PA. 


All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 2\4 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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PRODUCTION 
HEAT 
TREATING 
EQUIPMENT 


of any of these types 


* BATCH 

* CONVEYOR 

* ROTARY 

iS * CAR TYPE 

* SHAKER HEARTH 
* ROLLER TYPE 

* WALKING BEAM 
* PUSHER TYPE 


6545 Epworth Bivd., Detroit 10, Mich. 
Phone TY 4-5700 


BEHIND THE BYLINES ® BEHIND THE BYLINES * BEHIND THE BYLII 
ND THE BYLINES ¢ BEHIND THE BYLINES ¢ BEHIND THE BYLINES * 
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Leading off this month's section on progress in high-temperature 
metals is an article on one of the newest of the superalloys, René 41 
(p. 70). Details on heat treating, welding and brazing are given by 
Louis A. Weisenberg 
and Robert J. Morris. 
Mr. Morris, formerly 
with G.E. and now with 
International Nickel Co., 
is a frequent author for 
Metal Progress (see Be- 
hind the Bylines, Metal 
Progress, December 
1959, p. 231). Mr. Weis- 
enberg recently joined 
G.E.’s Jet Engine De- 
partment after complet- 
ing an assignment at 
the Knolls Atomic Power 
Laboratory. Since join- 
ing the company in 1956, 
he has been concerned 
with the development 
and application of high- 
temperature materials 
for jet engine and nu- 
clear power plant components and, primarily, with René 41. 

A graduate of the Michigan College of Mining and Technology. 
he worked on metallurgical production engineering in the iron 
mining industry and the aeronautical division of Minneapolis- 
Honeywell Regulator Co. 

His wife and two sons share his enthusiasm for outdoor sports 
and bowling. 


G. S. Hoppin III takes 
a closer look at brazing 
René 41 on p. 75 and 
describes the develop- 
ment of three brazing 
alloys designed for this 
superalloy’s specific 
needs. Now manager of 
metallurgical processes 
units in General Elec- 
tric’s Flight Propulsion 
Department, Mr. Hop- 
pin’s work with G.E. 
has included five years 
on the development of 
new brazing, welding 
and forming techniques 
for high-temperature 
materials and before 
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that two years’ work on failure analysis and other metallurgical 
investigations. 

After graduating from the University of Michigan with a B.S. 
degree in metallurgical engineering, he operated the nondestructive 
testing laboratory for Chrysler Engineering for a year, then served 
two years in the Army. 


The happy fellow on the right in the photograph below (taken at 
the 1960 Southern California Conference on Refractory Metals for 
Air and Space Vehicles, held under the sponsorship of the Los 
Angeles, San Diego and San Fernando chapters of A.S.M.) is our 
consulting editor Robert H. Gassner whose report of the conference 
appears on p. 80. He’s showing one of the name plates used at the 


conference to F. K. Lampson of Allegheny Ludlum Steel Co. and 
H. A. Curwen of Earle E. Jorgensen Co. No ordinary nameplates, 
these were made of molybdenum sheet contributed by Universal- 
Cyclops and lettered by chem-milling by U.S. Chemical Milling. 
Mr. Curwen was recently named convention chairman for the 12th 
Western Metal Congress, scheduled for March 20 through 24, 1961, 


in Los Angeles. 


“Modified 4340, Heat Treated to 270,000 to 300,000 Ultimate”, 
by J. C. Chang, F. J. Herr and J. W. Sweet (see p. 104), all of Boe- 
ing Airplane Co. in Seattle, is the first of two articles on modified 
4340. Mr. Chang studied metallurgy in China, receiving a degree 
in mining and metallurgical engineering from Chiao Tung Univer- 
sity in 1942, and continued his studies at the University of California, 
where he obtained his master’s in metallurgy in 1948. He came to 
Boeing’s metals unit as a junior engineer and for the past two years 
has worked as a research engineer. (Mr. Chang is shown on p. 218, 
left, with his fellow authors, Messrs. Sweet and Herr.) Mr. Herr 
has been with the metals unit for eight years. A Carnegie Institute 
of Technology graduate, his background includes work in metal- 
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Establish your own 
Branson 


DEW Line 


Sonoray’ and Sonogate 


*Definite Early Warning 


Early warning of internal defects pre- 
vents further waste of time and money 
on materials and parts that would later 
be rejected or fail in service / Here, for 
instance, a Sonoray® Ultrasonic Flaw 
Detector with accessory Model B Sono- 
gate Flaw Alarm, immersion-scans a 
vital bi-metallic rotary seal. Every var- 
iation in bond between the two dis- 
similar materials is revealed on the 
CRT and strip-recorded as the part 
rotates on the submerged turntable / 
This is just one of the many DEW* 
techniques available with Branson 
Ultrasonic Flaw- 
Detection and 
Thickness-Gaging 


equipment. State YY 
your problem in Y 


detail when re- 
questing further 
information. 


Since 1946 The Respected Name in Ultrasonics 


INSTRUMENTS, INC. 


6 BROWN HOUSE RD., STAMFORD, CONN. 
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Tatnall 
MetalFilm 101 
Strain Gages 


from 


@ High uniformity in both 
geometry and tempera- 
ture coefficient for auto- 
matic matching. 


Precision designed and con- 
structed for exceptional accuracy, 
repeatability and ruggedness. 


@ Ultra-thin (less than 0.0015 in.) 
with no integral leads, for high 
flexibility and conformability. 


ae a @ Wide range of sizes and configura- 

tions available, including rosette, 
miniature and standard types. 

Call or write for full information. 


MD 

The Budd Company 
P.O. Box 245 + Phoenixville, Pa. 


Consult your phone book for sales offices in: 
Atlanta, Ga., Oak Park, Ill., Dallas, Tex., 
Los Angeles, Calif., San Francisco, Calif., 
Seattle, Wash., Detroit, Mich., Boston, Mass. 
In Canada 

Tatnall Measuring and Nuclear Systems, Ltd., 
46 Hollinger Rd., Toronto 16, Ont. 

In Europe 

BUFRA, 10 Avenue de la Grande Armée, 
Paris 17¢, France. 
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lurgical laboratories and as sales and service metallurgist for several] 
large steel companies including Jones & Laughlin Steel Co., Vana- 
dium Alloys Co. and Latrobe Electric Steel Co. Mr. Sweet, the 
senior author of the three, came to Boeing 25 years ago, after his 
graduation from the University of Washington, to work on engi- 
neering design. He was placed in charge of the metallurgical 
laboratory of the Renton plant in 1942 and since 1946 has been 
chief metallurgist. 


O. E. Cullen, author of “Quenching in the Automatic Production 
Line” on p. 101, is manager of research and development and chief 
metallurgist of Surface Combustion Div. of Midland-Ross Corp., 
Toledo, Ohio. A Univer- 
sity of Detroit graduate 
in metallurgical engi- 
neering, he was a re- 
search engineer for Gen- 
eral Reduction Corp. in 
Detroit for several years 
before coming to Sur- 
face Combustion in 
1936. As a research and 
development engineer, 
he specialized in the 
development and oper- 
ation of industrial heat 
treating furnaces for the 
processing of ferrous 
and nonferrous metals. 
In 1942 he was named 
chief metallurgist and 
two years ago was given 


the added title and 


METAL PROGRESS 


y Bits 3 

- 4 > — 

lew 

| 

| 
| 
— 


responsibility of manager of research and development. 


His extracurricular interests include technical societies — he’s a 


member of S.A.E. and A.S.M. 


He was a member of the A.S.M. 


Handbook Committee from 1951 to 1954 and on the National 
Vocational Education Committee. He also has served as a Univer- 


sity Lecturer in metallurgy for a number of years. 


Our cover story on stress analysis with a photoelastic coating is by 


Felix Zandman, director of basic research for the Budd Instruments 
Div. (formerly Tatnall Measuring Systems Co.) in Phoenixville, Pa. 


Dr. Zandman studied 
metallurgical engineer- 
ing at the University of 
Nancy (France), then 
went on to graduate 
studies in general phys- 
ics and in applied me- 
chanics at Nancy. He 
received his doctorate 
from the University of 
Paris, Sorbonne, study- 
ing strain behavior of 
plastics and crystal dis- 
location in metal due to 
fatigue stresses. While 
in France, he was chief 
of the stress analysis lab- 
oratory and chief of the 
research section for a 
jet engine factory and 


professor of stress analysis at the Engineering School of Aeronautics 


in Paris for two years. 


He was technical director of PhotoStress 


Inc., before joining Budd in 1957. 


Tom Bishop, our con- 
sulting editor based in 
London, made a quick 
trip to Paris late in May 
to report a conference 
by an international 
group of metallurgists 
and testing engineers on 
the shaping of metal and 
tests to determine form- 
ability, organized by the 
International Deep 
Drawing Research 
Group and the Société 
Frangaise de Métallur- 
gie. Like all good visi- 
tors to a foreign city, he 
sent off some postcards 
—we received the one 


above, with the touching message: “Hard work, these conferences!” 
The picture postcard shows a tired Parisian—not, as one might pos- 


sibly think, an exhausted Metal Progress Consulting Editor. 
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WHISPER-QUIET 
VIBRATIONLESS 
MECHANICAL 
VACUUM PUMPS 


CVC cuts out the clatter. Now 
you can pump at highest speeds 
and lowest ultimates—to 2x105 
mm Hg—and still hear a whisper 
across the room. 

The same revolutionary design 
features that keep these pumps 
quiet keep them free from vibra- 
tion, too. Little need for flexible 
connections. And no need for 
water lines, since the pumps are 
all air-cooled. Easiest instaliation 
you ever saw. 

There’s a size to fit your needs, 
at a price to fit your budget. We’d 
like to tell you more about them. 
Just write for Bulletin 8-15. 


NINE NEW ONES FROM CVC 


Capacities: 7, 13, 21, 27, 41, 53, 80, 
106 and 132 cfm. Weights: 135 to 
825 lbs. Floor Area: 338 to 676 sq. 
inches—from 44 to % smaller than 
pumps of comparable capacity. 

Unique air valve suppression port 
and dynamic balance of piston drive 
assembly eliminate pump clatter 
and vibration. = 

Choice of single stage operation 
for lower ultimates (to 2x10-5mm 
Hg) or parallel stage operation for 
1% times greater capacity (with 
ultimates to 2x10-3mm Hg). 

A completely enclosed, air-cooled 
unit equipped for 220/440V operation. 


Lonsolidated Vacuum 
Corporation 
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THE ELECTRIC co. 


GAS « OIL - ELECTRIC 


View of One Bay in the New Research Building 
Showing the Continuous Strip and Bell Furnaces. 


completely equipped 


to develop and test improved heat treating techniques 
benefitting ALL metal producers and fabricators .. . 


From the company’s earliest beginning 
research has been traditional at The Electric 
Furnace Co. 

Recently our facilities have been much en- 
larged. Our research department now has its 
own building, 180 feet long by 80 feet wide. 
Equipment includes a continuous strip furnace 
suited for processing at various cycles; bell, wire 
mesh belt, batch and pusher furnaces, with and 
without forced circulation; vacuum furnaces for 
batch or continuous operation; endothermic and 
exothermic generators; ammonia dissociators; 
atmosphere refrigerators; adsorption type gas 
dryers; CO, scrubbers, and completely equipped 
chemical and metallurgical laboratories. 


From these larger facilities are coming im- 
proved techniques for treating the familiar 
materials, and new techniques for treating the 
newer metals of the jet and space age;— also 
expanded testing of critical materials used in our 
furnaces, to maintain our unsurpassed standards 
of quality and performance. 


As in the past, our research facilities will be 
available to all metal producers and processors, 
for development and test work, conducted, if 
desired, in the presence, and with the assistance 
of your own technical men. 


This complete and modern laboratory is as 
close to you as your telephone. Feel free to use 
it frequently / 


THE ELECTRIC FURNACE CO. 


Gas-fired, Oil-fired and Electric Furnaces for Heat Treating any Product, Using any Process, any Hourly Output. 


Sates Chio 
SUBSIDIARIES — Turnkey Engineering Company, Inc., South Gate, California © Canefco Limited, Scarborough, Ontario 


ENGINEERING & SALES REPRESENTATIVES — 2842 West Grand Bivd., Detroit 2, Michigan and 968 Coleman Rd., Cheshire, Conn. 
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Has working time been reduced? Yes. 


In what way? The use of Aristoloy Leaded* has 
increased tool life and reduced downtime for tool 
changes. 


Has machining been improved? Yes. 


What inherent quality in the stee/ is responsible 
for improved machining? A more uniform, satis- 
factory microstructure provides better machining 
characteristics. 


What operation is performed? Automatic screw 


ARISTOLOY STEEL DIVISION + 4013 Mahoning Ave., Warren, Ohio - 
Circle 1992 on Page 48-3 


Photo courtesy The Maytag Company 


Aristoloy Leaded 8620 cuts tool changes 
50% on wringer drive sleeve for [Maytag }| 


machines bore, counterbore and cut off. Second- 
ary operations include milling, drilling, internal 
and external grinding after carburizing. 


For complete information about Aristoloy blooms, 
slabs, billets and bars, in carbon, 
alloy, stainless and leaded, call the 


Copperweld representative in your § | 


nearest large city—or write for NEW 
PRODUCTS & FACILITIES CATALOG. 
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DIVISION OF = 


COPPERWELD 


STEELS STEEL COMPANY 


EXPORT: Copperweld Steel International Co., 225 Broadway, New York 7, WN. Y. 
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